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FOREWORD 


This report is a technical assessment of a Shuttle-based 
launch system consisting of the Shuttle Orbiter, the external 
tank, and a recoverable liquid rocket booster system replac- 
ing the solid rocket booster system. This report was prepared 
for Johnson Space Center under Contract NAS9-14520. This 
study was conducted under the direction of Mr. Robert W. Abel, 
the technical monitor and H. P. Davis, chief of the Future 
Programs Office. 

Compilation and publication of this assessment involved the 
time, effort and cooperation of a number of organizations and 
individuals. NASA personnel directed the study and defined 
design requirements and constraints. The actual computations 
and the majority of analysis used to generate the report wo re 
provided by the Sigma Corporation. Willie E. Heineman of EW2 
checked vehicle weights and provided a number of the weight '\ 
algorithms. 
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INTRODUCTION 


The use of a recoverable liquid rocket booster (LRB) system 
to replace the existing solid rocket booster (SRB) system 
for the Shuttle offers the potential of extending the payload 
capability and of cost saving by recovery and re-use of the 
LRB with a minimum of refurbishment cost. The concept uses 
the basic orbiter modified to include a weight penalty to 
account for the additional structure necessary to accommodate 
the increased payload and the Shuttle ET modified to account 
for deletion of the SRB/ET attachments and scaled according 
to a constant mass fraction. Some modification of the ET 
would be required to take thrust loads longitudinally along 
the tank rather than laterally through the tank. Two different 
types of LRB were investigated. One consisted of three and 
four up-rated P-1 engines, while the other was powered by 
high-pressure LOX/RP engines based on those proposed by Mr. 

Rudi Beichel of Systems Development Corporation. The LRB is 
mounted aft of the ET and is jettisoned at booster engine 
cut-off (BECO) and recovered for re-use. 

The present study, designated EDIN05, was initiated for the 
purpose of assessing this LRB concept. The study, based on 
information contained in References 1 through 6, was performed 
using EDIN software and hardware and represents a joint effort 
between NASA and Sigma Corporation. The NASA Engineering 
Analysis Division and the Future Programs Office were involved 
in defining design requirements and constraints. Sigma 
Corporation developed the simulation procedures and supported 
the engineering analysis and computations. 

Historical weight estimating relationships were developed for 
the LRB using Saturn technology and modified as required to 
support the EDIN05 study. Mission performance was computed 
using February 1975 Shuttle configuration groundrules to 
allow reasonable comparison of the existing Shuttle with the 
EDIN05 designs. The launch trajectory was constrained to 
pass through both the RTLS/AOA and main engine cut-off (MECO) 
points of the Shuttle Reference Mission 1. Performance 
analysis is based on a point design trajectory model which 
optimizes initial tilt rate and exo- atmospheric pitch profile. 

A gravity turn was employed during the boost phase in place 
of the Shuttle angle-of-attack profile. Engine throttling 
add/or shutdown was used to constrain dynamic pressure and/or 
longitudinal acceleration where necessary. Four basic con- 
figurations were investigated: a parallel-burn vehicle with 

an F-l engine-powered LRB; a parallel-burn vehicle with a 
high-pressure engine-pcwered LRB; a series-burn vehicle with 
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a high-pressure engine-powered LRB. The relative sizes of 
the LRB and the ST are optimized to minimize GLOW in most 
oases . 

This report comprises two volumes. Volume I contains an 
engineering analysis of each simulation performed, a doscrip 
tion of the simulation programs and procedures, and a discus 
sion of the LRB weight estimating relationships. Volume II 
presents the detailed results of the simulations, including 
weight statements, trajectory plots, and mass properties 
breakdowns , 
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DISCUSSION OF RESULTS 


Configuration Descriptions 

Four basic configurations were investigated in the EDIN05 
design series: 

X. A parallel burn vehicle with an F-l engine-powered LRB. 

2. A parallel burn vehicle with a high-pressure engine 
powered LRB. 

3. A series burn vehicle with an F-l engine-powered LRB. 

4. A series burn vehicle with a high-pressure engine- 
powered LRB. 

The EDIN05 study series comprised ten individual design simula- 
tions, which are briefly described below. 


S TUDY NO . 
EDIN0501 

EDIN0502A 

EDIN0502B 

EDIN0503 

EDIN0504 

EDIN 0504A 

EDIN0504B 

EDIN0504C 

EDIN0504D 

EDIN0505 


LRB sized for throe F-l, ET resized to minimize 
GLOW for 100K up-payload; parallel burn. 

EDIN0501 LRB modified for seven 630K sea-level 
thrust high - Pc engine propulsion system, 
EDIN0501 ET, maximum payload determined, parallel 
burn . 

EDIN0502.A LRB, ET resized to maximize payload, 
parallel burn. 

EDIN0501 LRB modified for six BOOK sea-level 
thrust high-Pc engine propulsion system, EDXNQ501 
ET maximum payload determined; parallel burn. 

LRB sized for optimum T/W using rubber high-Pc 
engines based on 800K Beichel, ET resized to 
minimize GLOW for 140K up-payload; parallel burn. 

LRB sized for optimum T/W using rubber high-Pc 
engines based on 800K Beichel, ET resized to 
minimize GLOW for 150K up-pay.load; parallel burn. 

EDIN0504A LRB modified for three F-l, EDIN0504A 
ET, maximum payload determined; parallel burn, 

LRB sized for optimum T/W using rubber high-Pc 
engines based on 800K Beichel, ET resized to 
minimize GLOW for 150K up-payload? series burn. 

EDIN050 4C LRB modified for four F-l, EDTN0504C 
ET, maximum payload determined; parallel burn. 

LRB sized for four F-l, ET resized to minimize 
GLOW for 100K up-payload; series burn. 
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EDIN05 RESULTS SUMMARY 


SHUTTLE 


501 


502A 


502B 


503 


504 


504A 


504B 


504C 


504D 


505 


LRB 


SRB 


Sized 
for 3 
F— 1 


501 
w/ (7) 
680K 
Hi-Pc 


501 J 501 
w/ (6) ,// (6)] 


800K 

Hi-Pc 


ET 


R 


501 


R 


8 00K 
Hi-Pc 


Sized 

for 

opt. 

T/W 

Hi-Pc 


Sized 

for 

opt. 

T/W 

Hi-Pc 


504A 

w/ 

3 

F-l 


Sized! 

for 

opt. 

T/W 

Hi-Pc! 


504C 

w/ 

4 

F-l 


Sized 
for 
4 . 
F-l 


501 


R 


R 


504A 


R 


504C 


R 


PL 


65K 


100K 


D 


M 


D 


14 OK 


15 OK 


D 


! 15 OK 


D 


100K 


TYPE 


GLOW 


4.20 3M 


4. 835H 


4. 817M 


4.92 8M 


4.69 8M -4 . 261M 


1 

1.283 il. 236 


4 . 8 0 4M|4 . 5 9 8M j 4 . 5 8 7K4 . 3 A 4M j 4 . 7 9 5M 


j i * ju t 'U * , -3 * 

il . 345 k.47b *1. 

i 


T/W 


1. 491 


1.240 


1.236 


1.209 


1.350 


h 


308 


340 


LRB LIFT-OFF 


2. 327M 


2.76 0M 


2.693M 


2.693M 


2. 569M j 2. P55M 


2.562M2.428M 


2. 898M2.760Mi3.186M 


S J f — ! 

2. 333M2.180M 12 . 642M2 . 468M J 2 . 919M 

! ’ _ I 1 


LRB PROPELLANT 


2. 019M| 2. 506M 


2.459M 


2. 459M 


2. 335M jl. 855M 


LRB INERT 


309KI 254K 


234K 


234K 


234K 20 OK 


22 81 


ET LIFT-OFF 


1. 626M jl. 805M 


1. 805M 


1. 911M jl. 805M 


; t 1 

1. 879M j 1. 905M1. 905M 1. 351M r l. 324M 1. 322M 

t 


ET PROPELLANT 


1. 540M ! 1. 7C' 7 m 


07M 


ET INERT 


86. 3K 98. OK , j8. OK 104. IK; 98. OK 


1. 807M ! 1. 707M 


— 1 1 

1.777M \ 1. 801M1. 801M *1. 276M-1. 248M ?1.251M 


I" 

102. 5K j 103. 9K103. 9K ! 75. 2K 


75.2K- 73. OK 


PAYLOAD 


65K 


10 0K 


132K * 137K ■ 13 6 K 140K 


15 OK 78. 5K 


15 OK 


73. 3K f 


-00K 


D - Determined 
M - Maximized 
P - Parallel Burn 
R - Resized 
S - Series Burn 


U1 
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FORECASTER: EDIN DESIGN CENTER DATE : 22 CEP 75 

AFFILIATION: ENGINEERING ANALYSIS D I VIS ION- JSC TIME: 19:06 
STUDY NO: ED IN 05 01 


CONCEPT: A 33.0 FT. DIAMETEP RECOVERABLE STAGE USING THREE F-l 

ENGINES MOUNTED BEHIND THE SHUTTLE ET FOP REPLACEMENT 
OF THE SOLID ROCKET BOOSTERS. 

* 

MISSION: 100000.0 LB PAYLOAD 

DUE EAST LAUNCH FROM ETR 

A £50 FPS OMS DELTA VEL IN EXCESS OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS PCS TRANSLATION DELTA VcL . 


TRAJECTORY : 


DUAL CONSTRAINT OPTIMISED EXO-ATMOSPHERIC PITCH 
PROFILE AND INITIAL TILT PATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 RTLS-AOA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY ONE F 
ENGINE SHUTDOWN AND- OR SSME THROTTLING. 

MAX DYNAMIC PRESSURE = 650.0 PSF 

MAX ACCELERATION = 3.0 6 


PROPULSION 


LRB : THREE F-l 
THRUST OSD 
THRUST-:: VAC) 
ISPOSL) 

IS PC VAC) 
FLOWRATE 
EXIT AREA 
MIX RATIO 
ORB I TER: THREE 
THRUST OSL> 
THRUST < VAC) 
THROTTLE 
ISPCSL) 

ISP (. VAC ) 
FLOWRATE 
EXIT AREA 
MIX RATIO 


ENGINES RATED AS FOLLOWS*. 


1606788 . 5 LBS 
1748060.0 LBS 
£66.01 SEC. 
£89.40 SEC. 

6040.5 LB/ SEC 


0& L page is 
POOR QUALITY 


= 66.763 SQ FT 
— o 27 | 1 

SSME ENGINES RATED AS FOLLOWS: 
= 375000.00 LBS 
= 470000.00 LBS * . 

= 1.09 TO .500 
= 363. £0 SEC 
= 455.20 SEC 
“ 1032.5 LB/SEC 
= 44.396 SQ FT 
= 6 . 0 0 : 1 


AERODYNAMICS: DATA FOR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SRB DELETION. 

REF AREA = £557.0 SQ FT 


STRUCTURE: ORBITER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FOR DELETION OF THE SRB-'ET ATTACHMENTS AMD 
INCREASED UP PAYLOADS. 

MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC- 

PROPERTIES : ASSUMPTIONS . 

LRB: WERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

ORBITER: FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP PAYLOAD. 
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EDIN0501 DESIGN SIMULATION RESULTS 






ORB I TER WEIGHT STATEMENT FOP MISSION 1 
WING GROUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENVIRN PROTECT 
LANDING & AUX SYSTEMS 
PROPULSION-ASCENT 
PROPULS I ON-PCS 
PROPULS I DN-OMS 
PRIME POWER 
ELECTRICAL CONVERSION 
H VDP AUL I C CONVEPS I ON 
SURFACE CONTROLS 
AVIONICS 

ENV IRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FDR 10 OK PAYLD 
ORB I TER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLANT-RCS 
PRDPELLANT-OMS 
ORB I TER INERT WEIGHT 
PflVI GflB 

□RSI TER PRELAUNCH WEIGHT 


15684 . 
8868 . 
43881 . 
18874. 

7683 . 
881.154 ■ 
8657 . 
8808. 
8888 . 
pK 1.1 # 

1840 . 
8738 . 

j i t o • 

506 0 . 
1100. 
585 . 
1387. 
38 0 . 


8644. 
1470. 
1840. 
8171 . 
5084. 
6841 . 
16148. 


151715. 


1 37854 . 
1 00000 . 
887854. 


r ■ «. 

EXTERNAL TANK WEIGHT STATEMENT: 


LOX TANK 16860. 

BHD 78 . 

FWD FRAME 51 . 

FWD OGIVE 1348. 

AFT OGIVE 4511. 

XT 745 FRAME 313. 

BARREL 8817. 

INTERTANK FRAME 1064. 

AFT DOME 3468 . 

SLOSH BAFFLES 8514. 

INTERTANK 18708. 

MACHINED EflRREL PNLS 5088. 

SK^STGR BARREL PNLS 5500. 

STABILIZING FRAMES C 4 > 1505. 

SRE THRST XT 885 FRAME 0. 

SRB THRST BEAM 0. 

SRE THRST FITTINGS CS> 0. 

ACCESS DOOR 68 . 

BARREL PNLS SPLICES <8> 113. 

FRAME STAELIZEPS 844. 

ET ASSY FASTENERS 181. 
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LH2 TANK 


iryyyy , 

F l.iJ D DOME 

1902. 


XT 112?,'? FRAME 

j 

1 O 1 I . 


BARREL NO. 4 

6525 . 


XT 1B77 FRAME 

635. 


BARREL NO. 3 

3559 . 


XT 1624 FRAME 

653 . 


BARREL NO. £ 

6563 • 


XT 1371 FRAME 

£056 . 


BARREL NO . 1 

6942 . 


XT 2 OSS FRAME 

3929 . 


AFT DOME 

2225 . 


THERMAL PROTECTION 


77 d'? * 

LDX TANK 

1 657 . 


INTERTANK 

1720. 


LH£ TANK 

4 037. 


PROP CMECH+ELEO 

314 . 


PROPULSION AND MECHANICAL SYSTEMS 


4504. 

LOX FEED SYS 

1 926 . 


LOX ANTIGEYER SYS 

1 3 1 . 


LOX VENT SYS 

101 . 


LOX PRESS. SYS 

219. 


LH£ FEED SYS 

551 . 


LH£ RECIR. SYS 

36 . 


LH£ VENT SYS 

153. 


LH2 PRESS. SYS 

162 . 


HELIUM INJ. SYS 

£5. 


INTERTANK PURGE SYS 

95 . 


HAZARD GAS DETECTION SYS 

1 0 . 


FAIRINGS AND CONDUIT 

4 07. 


LINE SUPTS. AND ATTRCHS . 

6 3 7 • 


ELECTRICAL SYSTEM 


“ — * o 
Cl ■ 

ET WIRING ASSY 

1 S S » 


SPB WIRING ASSY 

o . 


INSTRUMENTATION 

17. 


GAEL I NG ATTACHS . +SENSOR SUPTS . 

I • 


ORB/SRE ATTACHMENTS 


5358 . 

ORB I TER SUPPORTS 

3677 « 


UMBILICAL BEAM 

754. 


ORB--ET ATTACH FT6S 

£80 . 


SRB.-'ET ATTACH FTGS 

0 . 


ET--ORB UMBILICAL HDWR 

647. 


MANUFACTURING VARIATION WT . 


5 06 . 

EMPTY WEIGHT 


87230 . 

UNUSABLE FLUIDS 


486 . 

LH£ IN TANK 

cl 7 « 


LH£ IN LINE 

5b . 


LOX IN LINE 

157. 


PRE-PRESS . + INFLIGHT GASES 


44 05. 

GH2 

1145. 


GOX 

3223 . 


HELIUM 

■It |‘ ■ 


SEPARATION HARDWARE 


6 . 

SRB SUPPORTS 

0 . 


ORB FITTINGS 

6 . 


FLT PERF RES 


5912. 

ET INERT WT 


98039 . 

MAIN PROPELLANTS 


1707448. 

LOX 

146 -3 5 2 r f • 


LH£ 

£43921 > 


ET LIFT-OFF WEIGHT 


1805487. 

MASS FRACTION 


.9490 
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LIG1UID POCKET BOOSTER WEIGHT STATEMENT: 


BODY STRUCTURE 


8 3 0 58 

INTEGRAL LOX TANK 

£0679. 


INTEGRAL FUEL TANK 

1 4 U £ £ . 


INTERSTAGE 

8583 . 


AFT SKIRT 

16159. 


THRUST STRUCTURE 

33615. 


AERDDYNAM 1 C SURFACES 


6916 

STABILIZERS C DRAG FLAPS > 

69 1 6 . 


THERMAL PROTECTION SYSTEM 


£189 

TANK INSULATION 

941 . 


ABLATIVE MATERIAL 

1 £48 . 


POWER SUPPLY/ CONVERS I ON-' D I STP I BUT I ON 


799 

ELECTRICAL SYSTEM 

684 . 


CONTROL SYSTEM 

115. 


I NSTRUMENAT I ON SYSTEM 


1520 

INSTRUMENTATION 

15S0 . 


PROPULSION 


87977 

ENGINES ('DRY) 

57114. 


ACCESSORIES 

416. 


G I MEAL SYSTEM 

5£S3 . 


BASE HEAT SHIELD 

4356 . 


FUEL SYSTEM 

8389 . 


OXIDIZER SYSTEM 

1641?. 


SEPARATION AND RECOVERY SYSTEM 


16665 

SEPARATION SYSTEM 

cl 4 'i' 8 ■ 


CHUTE SYS CHAIN AND DROGUE) 

57£4 . 


FLOATATION SYSTEM 

1 04 . 


RECOVERY AIDS 

10c. 


FITTINGS AND SUPPORTS 

197. 


RETRO SYS Cl 00 F-'S DEL V) 

3174. 


REENTRY HEAT SHIELD 

48 r 8 • 


STAGE DRY WEIGHT 


£091 £5 

CONTINGENCY 


0 

EMPTY WEIGHT 


£ 09 1 £5 

PROPELLANT RESIDUALS 


■*0575 

FUEL BIAS 

1 8 0 0 . 


TRAPPED LOX TANK GASES 

387 1 . 


TRAPPED FUEL TANK GASES 

3440 . 


FROST TRAPPED 

434. 


TRAPPED FUEL 

1 C ?JO ■ 


TRAPPED LOX 

18 073 . 


IN-FLIGHT LOSSES 


4313 

FUEL LOSSES 

£084 . 


LOX LOSSES 

£££9 « 


MAIN PROPELLANTS 


£505762 

FUEL 

v/; o o 
t C'DC *1? © * 


LOX 

1 739474 . 


BLOW 


£ f 59 e r 5 

MASS FRACTION CEASED ON INERT WT) 


.908 


ORB I TER WT 
ET WEIGHT 
LRB STAGE WT 
GLOW 

EFFECTIVE STG 1 LAMBDA 
EFFECTIVE STG £ LAMBDA 


£87254 . 0 
1605486.7 
£759774.7 
4852515 .4 
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CONVERGENCE DATA : 

ijLD b.l 

TARGET PAYLOAD 
ACTUAL PRYLOAD 
PAYLOAD DELTA 
PAYLOAD El AS 
TOTAL VI DEAL 

STAGE 1 V IDEAL 
STAGE £ VI DEAL 
TOTAL PROPELLANT 
LRB PROPELLANT 
ET PROPELLANT 

STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 
LIFT-OFF T/W 
MAXIMUM 0 
TIME AT MAX Q 
STG 1 MAX LF 
TIME AT MAX LF 
EFF UDOT "EVENT 1 
EFF W DOT'' EVENT £ 


4852515 . 

1 0 0 0 0 0 . 

99970 . 
-29 . 6 

. 0 

3 0 1 93 . 0 

9144.5 
£ 1 043 . 5 

4£ 1 3S38 . 

£505711 . 
1707528 . 


£98 . 98 
1 .£4 0 
605 .3 
3 0 . 0 
3 . 0 0 
1 32 . 8 
£1460.9 
15456.7 


STAGING CONDITIONS: 

WEIGHT 1875506. 
REL VELOCITY CFPS> 5136,7 
PEL F.P. ANGLE <DEG> £6.05 
ALTITUDE <FT> 146941, 
TIME (SEC) 141.02 
ATT AFTER STG <L£S> ■'?£ 


MISSION SUMMARY: SEPTEMBER 18 » 1975 


PARAMETER 

EVENT 1 

EVENT £ 

EVENT 3 

EVENT 4 

EVENT 5 

TIME <SEC> 

13 £ .8 

141 .0 

.4 

532 . 0 

513.7 

ALTITUDE <K FT) 

1£8 .8 

146.9 

348 . 6 

394 . 5 

0 

REL VELOCITY Cl 00 FPS 

) 45.3 

51.4 

31 .4 

243 . 0 

2.1 

REL GAMMA C DEG ) 

£8 .6 

£6 . 0 

8 * cl 7 

• 5c*y 

•*9.8 

WEIGHT C Y LBS) 

485£ .5 

c U U3 • 4 

1621 .5 

1£1 1 .8 

254.0 

WEIGHT DROP C K LBS) 

0 

£54 . 0 

0 

0 


THROW WEIGHT CK LBS.- 

£ 0 02 . 4 

1621 .5 

1211 .8 

385 .26 

_ 

CUM VI DEAL f.l 00 FPS) 


9 1 . 44 

134.1 

3 0 1 . 9 


DOWNRANGE CNMI) 

23.45 

29.99 

169.2 

888.3 

161.7 


EVENT 1 
EVENT £ 


ONE F-l ENGINE SHUTDOWN 
BECO'SEPARRTION 


EVENT 3 
EVENT 4 
EVENT 5 


RTLS.-ADA CONSTRAINT 
MLCO."- INJECT ION 
LRB TOUCHDOWN 











EDIN0501 



OPUL5ION DATA SEP 75 










EDIN0501 PI- 



PROFILE 24 SEP 75 






EDIN0501 LRB 


REENTRY STATE SEP 75 








D 


O 


EDIN0501 REENlRY HEATING SEP 75 




MASS PROPERTIES SUMMARY BATE : 22 SEP 75 

FORECASTER: EDIN DESIGN CENTER 

AFFILIATION: ENGINEERING ANALYSIS DIVISION." JSC 

STUDY NO: ED I NOS 01 


ORB I TER MASS PROPERTIES SUMMARY 


■ 

WEIGHT 

S'-CG 

Y-CG 

Z-CG 

ORB I TER EMPTY 

151715.00 

1135.90 

■ 6 

38 0 . 7 0 

ORB I TER INERT 

187254.00 

1135.90 

* 6 

38 0.70 

ORB I TER LAUNCH 

£ 07254.00 

1135.90 

• b 

380.70 

■ 

CLB) 

CIN) 

CIN) 

CIN) 

EXTERNAL TANK MASS 

PROPERTIES S 

UMMARY 



■ 

■ 

WEIGHT 

X-CG 

Y-CG 

lL — L It 

ET EMPTY 

87235.55 

674.76 

0 

“’O 

r r * i f 

ET INERT 

98039 .20 

639.65 

0 

-?-!* QO 
: l 1 « 70 

ET LAUNCH 

1805487. 11 

160.14 

0 

64 . 29 

* 

(LB) 

CIN) 

CIN) 

CIN) 

LIQUID ROCKET BOOS 

TER MASS PROPERTIES SUMMARY 



■ 

■ 

WEIGHT 

X-CG 

Y-CG 

Z-CG 

LRB EMPTY 

209125.31 

£ 002.42 

0 

1 02 . 3 0 

LRB INERT 

254013.13 

1 983 . 08 

0 

95 . 44 

LRB LAUNCH 

2759775.00 

1786.27 

o 

66 . 44 

■ 

CLB) 

CIN) 

CIN) 

CIN) 

* _ 

MISSION mass PROPERTIES SUMMARY 




* 

m 

WEIGHT 

X-CG 

Y-CG 

Z-CG 

LAUNCH 

48525 18.0 

1142.7 

# 04 

84.24 

PRE-BECO 

1875507.1 

65 0 . 77 

. 09 

1 17.2 

POST-BECO 

1 62 1 494 . 0 

442 . 06 

.11 

120. 6 

MECO 

385293 . 2 0 

1 009.6 

.45 

303.7 

• 

(LB) 

CIN) 

CIN) 

CIN) 
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ET COMPONENTS MASS PROPERTIES 


LOXTMK 

WT = 16259.52 

XC 6 — 1 4 . £ 6 9 3 S 

YCG 


. 0 0 0 0 0 0 0 

ZCG 


63.5 0 0 0 0 

I XX = 55370.25 

IVY 

5 = 

96707.89 

IZZ 


96707.39 

I XV = .0000000 

IXZ 

SS 

. 0000000 

IYZ 

= 

. 0 0 0 0 0 0 0 

RSF = .0000000 

VOL 

= 

. 0 0 0 0 0 0 0 

RFR 

= 

. 0 0 0 0 0 0 0 

SUET 1 

0.1 T = 16259,52 


ORIGINAL PAUL TF 





• )F 

POOH QUALITY 
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- 

100.6047 

I yy = 

701155.4 

IYY 


3934 1 56 . 

I £-m tL 

3 

3 £5 c' 7 5 c! ii! * 

IXY = 

. 0 0 0 0 0 0 0 

IXZ 


c! '? cl 5 7 c! . 7 

IYZ 

= 

.ooooooo 

RSF = 

. 0 0 0 0 0 0 0 

VDL 

s 

. 0 0 0 0 0 0 0 

RFR 

= 

.ooooooo 
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TRfiPRP 

WT - 12957.93 


1 

xcg 

J. L. - 1 « V ' W 

= £ 043 . 099 


YC'lj 

SS 

.0000000 

ZCG 


63.50000 

I XX 

= . 0 ill 0 0 0 0 0 


iw 

= 

. 0 0 0 0 0 0 1) 

IZZ 


.0000000 

J y 

= . 0 0 0 0 0 0 0 


IXZ 


. 0 000 0 00 

IYZ 

= 

. 0 0 0 0 0 0 0 

RSF 

= . 0 0 0 0 0 0 0 


VOL 


. 0 0 0 0 0 0 0 

RFR 

= 

, 0 0 0 0 0 0 0 

3UBT£9 








WT 

= £316£7.£ 








XCG 

= 1998.774 


YC8 

rs 

. 0 0 0 0 0 0 0 

ZCG 


98 . 52899 

T MM 
1 r r n 

= 704790.8 


IVY 

=; 

3943609 . 

T 1 

J. k— L— 

SS 

1; p, ;t; "• ;!) Q 

IXY 

= .0000000 


T 

4 l 

= 

007070 Q 

coi rrc »? 

IYZ 

SS 

. 0 0 0 0 0 0 0 

RSF 

= . 0 0 0 0 0 0 0 


VOL 

= 

. 0 0 0 0 0 0 0 

RFR 


. 0000000 

TRFLDX 








WT 

= 18073.13 








XCG 

“ ISIS. 776 


YCG 


. 00 00000 

ZCG 

= 

63 . 5 0 0 0 0 

I XX 

“ . 43 1 6 <3 05- 

03 

IW 

= 

. Ci 0 0 0 0 0 0 

IZZ 

SS 

. 0 0 0 0 0 0 0 

I XV 

= .0000000 


IXZ 

=s 

.3453444-02 

IYZ 

ss 

. 0 0 0 0 0 0 0 

RSF 

= .0000000 


VOL 


. 0 0 0 0 0 0 0 

RFR 

= 

. 0000000 

SUBT30 








WT 

= £49700.4 








XCG 

= 1985.745 


YCG 


. 0 0 0 0 0 0 0 

ZCG 


95 .9936 1 

I XX 

= 709230.7 


IW 

= 

4065287 . 

IZZ 

= 

395 0579 . 

I XV 

= .00 0 0 0 0 0 


IXZ 

— 

310788.5 

IYZ 


. 0 0 0 0 0 0 Ci 

ASF 

= . 0 0 0 0 0 0 0 


VOL 

zz 

. 0 0 0 0 U 0 0 

RFR 

- 

. 0 0 0 0 0 0 0 

RPLQSS 








WT 

= £084.150 








XCG 

= 2010.528 


YCG 

= 

. 0 0 0 0 0 0 0 

ZCG 

ss 

63 .50000 

I XX 

= .5396006- 

04 

I YY 

= 

. 0 0 0 0 0 0 0 

IZZ 

as 

.£76£755 

I XV 

= . 0 0 0 0 0 0 0 


T M“* 

1 i* > iL 

=: 

- • 43 1 68 05- 03 

I YZ 

= 

. 0 0 0 0 0 0 0 

RSF 

a . 0 0 0 0 0 0 0 


VOL 

= 

. 0 0 0 0 U U 0 

RFR 

— 

. 0 0 0 0 0 0 U 

SUBT31 








WT 

= £51784.5 








XCG 

= 1985.951 


YCG 

ss 

. 0 0 0 0 0 0 0 

ZCG 


95 . 72465 

I XX 

= 709701.7 


1 i T 

= 

4 066 033 . 

IZZ 

= 

3950851 . 

I XV 

= . 0 U U U ii 0 0 


IXZ 

- 

31 0429 ,3 

IYZ 

= 

. 0 0 0 0 0 0 0 

RSF 

= . i j 0 0 0 0 1 f 0 


VOL 

- 

. 0 0 0 0 0 0 0 

RFR 

= 

. 0 0 0 0 0 0 0 

LEJXLDS 








WT 

“ c! c* c! y - 6 1 4 








XCG 

= 1658.737 


YCG 

= 

, o n o 1 1 0 0 0 

ZCG 

=: 

63.50 0 0 0 

I XX 

= .5396006- 

04 

IYY 

= 

. fi o 0 0 0 0 0 

IZZ 

ss 

. 0 0 0 0 0 0 o 

IXY 

= . o 0 0 0 0 0 0 


J 

- 

.431 68 05- 03 

IYZ 

= 

. 0 0 0 0 0 0 0 

RSF 

= . 0 0 0 0 0 0 0 


VOL 

= 

. 0 0 0 0 0 0 0 

RFR 

= 

. 0 0 0 0 0 0 0 

INRT3S 








WT 

= £54013.1 








XCG 

= 19 S3 , 080 


YCG 

= 

. fi n fi n o 0 o 

ZCG 

= 

95 .44 1 9£ 

I XX 

= 710196.8 


I YY 

s 

4 1 1 75 8 £ . 

IZZ 

ss 

4001905 . 

IXV 

=i . n o o o o o o 


IXZ 

3= 

315456.7 

I YZ 

ss 

■ o o o o o n o 

RSF 

= .0000000 


VOL 

= 

. 0 0 0 0 0 0 0 

RFR 

=; 

. 0 0 0 0 0 0 0 
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RP 

WT = 

766288 . 1 







MCG = 

£01 0.528 

ycg 

= 

. 0000000 

ZDS 


63.50000 

T' — 
1 #' i i"i — 

. 0 0 0 0 0 0 0 

T ' M.< 
1 1 1 

=; 

-14.14531 

IZZ 

= 

-14.14531 

IXY = 

. 000 0000 

1X2 

=: 

. 0 0 0 0 0 0 0 

IYZ 


. 0 0 0 0 0 0 0 

ASF = 

.0000000 

VOL 

= 

. 0 0 0 0 0 0 0 

fiFR 

= 

. 0 0 0 0 1)' o o 

2UBT33 
WT = 

1 020301 . 







XCG = 

£ 0 03 . 694 

1, S l“- l“ 

V Lb 

= 

.0000000 

ZCG 

= 

71 .45223 

I XX = 

732208.9 

I V t 

= 

4190604 . 

IZZ 

= 

4 f.l b c M ? 1 c! a 

IXY = 

. 000 0000 

T V *7 

1 1 i L* 

= 

279356 . 1 

IYZ 

= 

. 0 0 0 0 0 0 0 

fiSF = 

. 0 0 0 0 0 0 0 

VOL 

= 

. 0 000 00 0 

fiFR 

= 

a 0 0 0 0 0 0 0 

lox 

WT = 

1 739474 . 







XCG = 

1658 .737 

YCG 


. 0 0 0 0 0 0 0 

ZCG 

= 

63.50000 

T W s ■ 

1 f’H"* “ 

-.2762755-01 

IVY 


. 0 0 0 0 0 0 0 

IZZ 

= 

. 0 000000 

IXY = 

. o 0 0 0 0 0 0 

1X2 

= 

- .4420408 

I YZ 


. 0000000 

ASF = 

.0000000 

VOL 

“ 

. 0 0 0 0 0 0 0 

fiFR 

ss 

. 0 0 0 0 0 0 U 

BLDW34 
WT = 

£759775 . 







XCG = 

1786 .£69 

YCG 

=; 

. 0 0 0 0 0 0 0 

Z C G 

=: 

66 .43997 

I XX = 

7 6 0 9 8 6.6 

IVY 

= 

.2071654+08 

IZZ 


.£055008+08 

IXY = 

.0000000 

1X2 

= 

66 0 1 £ 0 . 8 

IYZ 

=: 

. 0 0 0 0 0 0 0 

ASF = 

. 0 0 0 0 0 0 0 

VOL 


. 0 0 0 0 0 0 0 

fiFR 

=; 

a 0 0 0 0 0 0 0 
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MISSION MASS PROPERTIES - LIFTOFF 


DE-L-'D 



t > » 

WALi 

TY 

WT 

s £37254 . Cl 







XCG 

= 11 35.3 CIO 

YDS 

;= 

. 6 0 0 0 0 0 ID 

ZCG 


38 0 . 7 0 0 0 

T W 

1 1* j r *i 

= 343089 . 5 

I i r 


6 £6 1 b'66 • 

r 

1 i— *— 

= 

6497481 - 

IXY 

=5 -6537.000 

IXZ 

= 

257323 . 7 

I YZ 


-2174.700 

R2F 

=5 . 0 0 0 0 0 0 0 

VDL 


. 0 0 Ci 0 0 0 0 

RFP 

= 

. 0 0 0 0 0 0 0 

SUET 

1 







WT 

— 287854 . 0 







XCG 

= 1135.900 

YCG 

= 

. 6 0 Cl Cl 0 0 0 

zee 

=: 

38 Ci . 7 Ci 0 0 

I MX 

= 849089.5 

I Y V 


626 1 666 - 

IZZ 

n 

6497481 . 

I XV 

= -6587.000 

T 

X C'nX 

= 

cj r 3 in o . i' 

I YZ 

sz 

“c! 174 ■ 7 U U 

RSF 

= „ 0 0 0 0 0 0 0 

VDL 


. 0000000 

RFR 

= 

. 0 0 0 0 0 o o 

ET-L 

"0 







WT 

= 1805487. 







XCG 

=5 160-1 446 

YCG 

= 

. Ci Ci 0 0 0 0 0 

ZCG 


64 . 28624 

T 

j. r * r i 

= 354339.6 

IVY 

= 

.4136551+08 

IZZ 

=3 

.4182286+08 

IXY 

= . 0 o Ci i;i 0 0 0 

IXZ 


279863.6 

I YZ 

= 

.0000000 

RSF 

= . 0 0 ill 0 0 0 0 

VDL 

= 

. 0 ill Cf 0 0 0 0 

RFP 

- 

. 0 0 0 0 0 0 0 

SUET 

c! 







WT 

= 2092741. 







XCG 

= 294 . 0788 

YCG 


.8235725-01 

ZC G 

= 

107.7178 

T W 
y 'i r •* 

— » -I c; cr o o no 

I YY 


. 1 044 1 1 0+ 09 

j "7 -7 


. 9924868+ 08 

IXY 

= 24729.24 

I X2 

= 

.1705201+08 

I YZ 

=. 

798 0 . 396 

RSF 

“ . 0 0 0 0 0 0 0 

VOL 

= 

. 0 0 0 0 0 Ci 0 

RFP 

= 

. 0 0 0 0 0 0 0 

LB-L 








WT 

= 2759775 . 







XCG 

= 1786.269 

YCG 

= 

. 0 0 0 0 0 0 0 

ZCG 


66- • 43997 

I XX 

= 760986.6 

I YY 

= 

.2071648+08 

IZZ 

= 

.2055002+08 

IXY 

= . o 0 0 0 Ci 0 U 

IXZ 

= 

66 0 119. 0 

I YZ 

7= 

. 0 0 0 0 0 0 0 

RSF 

- . 0 0 0 0 0 0 0 

VDL 


. 0 0 Ci 0 0 0 c 

RFR 

= 

. 0 n o i*i i*i 0 0 

LNCH 

J 







WT 

= 4852516. 







XCG 

= 1142. 733 

YCG 

= 

.3551815-01 

ZCG 

= 

84.24185 

1 i'VS 

= 7757503. 

IVY 

= 

. 69757 47 + 09 

IZZ 


■691 8 0 8 £ + 0 9 

IXY 

= -6841.208 

IXZ 

= 

1 © © Q 4 Z' C7 c; 

I OOC'C 1 © r -J * 

I YZ 

— 

© © =■“» y i £ 

RSF 

= . 0 0 0 0 0 0 0 

VDL 


. Ci Cl Ci Ci 0 CI 0 

RFR 


. 0 0 0 0 0 Ci Ci 
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MISSION MASS PROPERTIES - PRIOR-BECO 


□B-PSP 
I* IT = 
XCG = 

2:37254 . 0 
11 35. 9 00 

YCG 


.6000000 

ZCG 


38 0 . 7 0 0 0 

T '■ V — 

1 i‘ *i *' t — 

849 0:39 . 5 

IYY 


6561866 - 

IZZ 

= 

6497481 . 

IXY = 

-6587 . 000 

1X2 

— 

cDr 

rvz 

= 

-2174.700 

RSF = 

. 0000000 

VOL 


. 0 0 0 0 0 0 0 

RFR 


. 0000000 


SUBT 1 


WT = 

287254 . 0 







XCG = 

1135.900 

YCS 

= 

. 6 0 0 0 0 0 0 

ZCG 


38 0 . 7 0 0 0 

IXX = 

849089.5 

IVY 

= 

626 1 866 m 

IZZ 

= 

6497481 . 

IXY = 

-6587 . 000 

IXZ 

= 

do t ^ . j- 

L t L, 


-2174.700 

RSF = 

. 0 0 0 0 0 0 0 

VDL 


. 0 0 0 0 0 0 0 

RFR 


. 0 0 0 0 0 0 0 

ET-PSP 
WT = 

1 33424 0 . 







XCG = 

292.6766 

YCS 


. 0 0 0 0 0 0 0 

ZCG 

= 

64 .56 3 8 ! 3 

IXX = 

354254.5 

IYY 

=. 

.151 0934+08 

IZZ 

= 

. 1 5 06678+ 08 

IXY = 

.0000000 

IXZ 


239261.5 

IYZ 


. 0 0 0 0 0 0 o 

RSF = 

. 0 0 0 0 0 0 0 

VDL 

ss 

. 0000000 

RFR 

= 

, o o o o o o o 


SUBT £ 

WT = 1621494. 


XCG = 442 . 0569 

YCG 

= 

. t 062923 

ZCG 

= 

120.5687 

IXX = 6302130. 

IYY 

=s 

.6874456+ 08 

T T' p 7 
1 fL 

= 

.5783886+08 

IXY = 19224.37 

IXZ 

= 

. 1409643+08 

1 1 lL 

= 

7508 .338 

RSF = .0000000 

VDL 

— 

„ 0 U 0 0 0 0 0 

RFR 

“ 

. ooooooo 

LB-PSP 

WT = 254013.1 

XCG = 1983.080 

YCG 


. 0 0 0 0 0 0 0 

ZCG 


95 .44192 

IXX = 710196.8 

IYY 


4117582. 

r yy 

■L V_ Ihm 

= 

4 0 0 1 9 02 . 

IXY = .0000000 

IXZ 

= 

3 1 5456 . 6 

IYZ 

= 

. Ci 0 0 0 0 0 0 

RSF = .0000000 

VOL 

— 

. 0 0 0 0 0 0 0 

RFR 

= 

, 0 0 0 0 0 0 0 

PRSP 3 

WT = 1875507. 

XCG = 650.7685 

YCG 


. 9 1 89642- 0 1 

ZCG 


117.1656 

IXX = 7042254. 

IYY 

= 

.1794571+09 

IZZ 

= 

.1744058+09 

IXY — 1 1460 .18 

IXZ 

= 

.1257648+08 

IYZ 

s 

7628.935 

RSF = .0000000 

VDL 


. 0 0 0 0 0 0 0 

RFR 

= 

, o n o o o o o 
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MISSION MASS PROPERTIES - POST-BECO 


□B-flSP 

1.1,1 T = £S7£54 . 0 


XCG = 11 35.9 00 

YOG 

=1 

. 6 0 0 0 0 0 0 

zcs 

= 

38 0 . 7 0 0 0 

I XX = S49 0S9. 5 

IYY 

= 

6261866 . 

IZZ 

S= 

6497481 . 

IXY = -6587.000 

T ■■ 

1 f't L. 


£57323.7 

IYZ 

= 

-2174.700 

ASF = .0000000 

VOL 


. 0000000 

rlFF: 

X 

.0000000 

-i:IJET 1 

WT = 2S7254 . 0 

XCG = 1135.900 

YCG 


. 6 ij 0 0 0 0 0 

zcs 


38 0 . 7 0 0 0 

I XX = 8490S9.5 

IYY 

= 

6261866 . 

T 77 

* W* hw* 

t5 

6497481 . 

IXY = -6587.000 

IXZ 

= 

- er -7» 

t ' i juO i i 

IYZ 

- 

-2174.700 

ASF = .0000000 

VQL 


. 0 0 0 0 0 0 0 

AFP 

= 

„ 0 0 0 0 0 0 0 

ET-flSP 

WT = 1334240. 

XCG = £92.6766 

YCG 


. 0 0 0 0 0 0 0 

ZCG 


64 .56393 

I XX = 354254.5 

IYY 

“ 

.151 0934+ 08 

IZZ 

— 

.1506678+08 

IXY = .0000000 

IXZ 

= 

£39261 .5 

I YZ 

= 

. 0 0 ij 0 0 0 0 

RSF = .0000000 

VDL 

“ 

. 0 0 0 0 0 0 0 

AFP 

tz 

. 0 0 0 1 j 0 0 1 j 

flFSP 2 

WT = 1621494. 

XCG = 442 . 0569 

YCG 


. 1 060923 

ZCG 


120.5687 

I XX = 6302130. 

IYY 

= 

.6274456+08 

r yy 


.5783886+08 

IXY = 19224.37 

IXZ 

= 

. 1409643+08 

I u. 

= 

7502.338 

ASF - .00 0 0 0 0 0 

VL3L 

= 

. 0 0 0 0 0 0 0 

AFP 

= 

. 0 0 0 0 0 0 0 
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MISSION MASS PROPERTIES - MECO 


□B-MCO 

WT * £87254 . 0 


><05 

- 1135.900 

YCG 


. 6 0 0 0 0 0 0 

T '■ * 

1 YYO 

= 849089.5 

IVY 

— 

626 1866 . 

T ,*KJ> 

I rt 1 

- -8587.000 

IXZ 

= 

"7 

tl-J ( o i- « 1’ 

nsF 

= . 0 0 0 0 0 0 0 

VOL 

72 

. 0 0 0 0 0 0 0 

SUBT 1 




WT 

= 287254 . 0 




><05 

= 1135.900 

YCG 

= 

, 6 0 0 0 0 0 0 

I XX 

= 849089.5 

IYY 

= 

626* 1 066 • 

I XV 

- -8587.000 

1X2 

=; 

257323.7 

ASF 

= .0000000 

VOL 

= 

.0000000 

ET-MCO 




WT 

= 98039.20 




XCG 

= 639.8530 

YCG 


. 0 0 0 0 111 0 0 

I XX 

= 35 0 144.1 

IYY 

= 

5061767. 

I XV 

= .0000000 

IXZ 

=; 

132949.7 

ASF 

= .0000000 

VOL 

= 

. 0000000 

MECO 2 




WT 

= 385293.2 




ttCG 

= 1 0 09 - 628 

YCG 

= 

,4473279 

I XX 

= £644902 . 

I YY 

= 

. 1 665448!+ 08 

IXY 

= -1889.615 

IXZ 

= 

£760265 . 

ASF 

= .0000000 

VOL 

s 

. 0 0 0 0 0 0 0 


ZCG 

= 

39 Cl - 7 0 0 0 

1 zz 


649740 1 . 

I YZ 

*" 

-2174.700 

AFP 


. ill 0 0 0 0 0 0 


ZCG 

= 

08 Ci . 7 0 0 0 

IZZ 


6497 43 1 • 

I YZ 


-2174.700 

AFP 


- 0 0 0 0 0 0 0 


ZCG = 

77.97937 

IZZ = 

5023308. 

I YZ = 

. Cl 0 0 U U 0 0 

AFP = 

. 0000000 


ZCG = 

303.6717 

IZZ = 

.1540590 

I YZ = 

69 0 . 7987 

AFP = 

. 0 0 0 0 0 Ci 0 
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SIGMA CORPORATION 


ED I NO 502 A DESIGN 
SIMULATION RESULTS 
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FORECASTER: ED IN DESIGN CENTER DATE : 10 OCT 75 

AFFILIATION : ENGINEERING ANALYSTS DIVISION-' JSC TIME: l?:n7 

STUDY NO: ED I NOS OS 


CONCEPT: A 33.0 FT. DIAMETER RECOVERABLE STAGE USING 7.00 HIGH 

PRESSURE ENGINES MOUNTED BEHIND THE SHUTTLE £T FOP 
REPLACEMENT OF THE SOLID POCKET BOOSTERS . 


MISSION: MAXIMUM PAYLOAD 

DUE EAST LAUNCH FROM ETR 

A 250 FPS OMS DELTA VEL IN EXCESS OF R 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS RCS TRANSLATION DELTA VEL. 


TRAJECTORY: DUAL CONSTRAINT OPTIMIZED EXO- ATMOSPHERIC PITCH 

PROFILE AND INITIAL TILT RATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 RTLS ■ AOA 
END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 
ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY HIGH 
PRESSURE ENGINE THROTTLING AND/OR SSME THROTTLING. 
MAX DYNAMIC PRESSURE = 650.0 P SF 
MAX ACCELERATION = 3.0 G 


PROPULSION s 


LRB s 7.00 HIGH 
THRUST OSL) 
THRUST C VAC > 
THROTTLE 
I SR OSL) 

1 SP ( VAC ) 
FLOWRATE 
EXIT AREA 
MIX RATIO 
ORB I TER: THREE 
THRUST OSL) = 
THRUST-:.' VAC) « 


THROTTLE 

ISPOSL) 

IS PC VAC) 
FLOWRATE 
EXIT AREA 
MIX RATIO 


PRESSURE ENGINES 
= 630000.00 LBS 
= 735300.00 LBS 
= 1.00 TO .500 
= 319.60 SEC. 

= 345.60 SEC. 

= 2127.7 LB-TEC 
= 27.122 SC! FT 


RATED AS FOLLOWS 


PAG1J is 

Op POOP QUALITY 


= 2.40:1 

SSME ENGINES RATED 
= 375000.00 LBS 

470000.00 LBS 
1.09 TO .500 

363.20 SEC 

455.20 SEC 
1032.5 LB /'SEC 
44.396 SQ FT 

6 . 0 0 : 1 


AS FOLLOWS: 


AERODYNAMICS: DATA FOR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOP SRB DELETION. 

REF AREA = 2557.0 SQ FT 


STRUCTURE: ORBITER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FOR DELETION OF THE SRB/ET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 


MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERTIES : ASSUMPTIONS . 

LRB: WERS BASED ON SATURN TECHNOLOGY. 

ET* FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

□REITER: FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP PAYLOAD. 


39 



EDIN0502A DESIGN SIMULATION RESULTS 


O 



WEIGHTS SUMMARY REPORT 



GLOW 

* 

£T LIFT-OFF WEIGHT 

ET IHERT WEIGHT 
ET PROPELLANT 

LRE LIFT-OFF WEIGHT 

LRB INERT WEIGHT 
LRB PROPELLANT 

□RE: I TER LIFT-OFF WEIGHT 

ORE I TER INEPT WEIGHT 
PAYLOAD 


481 7348.62 
1805487 .£0 

8803:9 .£6 

1 1 U * 4 i »61 

£69£6 07 . 59 

£34010 .£5 
£458597.34 

319254.00 


187254.00 

132000 . 00 





ORB I TER WEIGHT STATEMENT FOR MISSION Is 
WING GROUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENVIRN PROTECT 
LANDING & flUX SYSTEMS 
PRDPULS 1 ON-ASCENT 
PROPULS ION-PCS 
PROPULS I ON-OMS 
PRIME POWER 
ELECTRICAL CONVERSION 
H YDRflUL 1 C C ON VERS I ON 
SURFACE CONTROLS 
AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FDR 10 OK PAYLD 
ORB I TER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLANT-RCS 
PROPELLANT-OMS 
ORB I TER INERT WEIGHT 
PAYLOAD 

ORB I TER PRELAUNCH WEIGHT 


1 5684 . 

£36c! • 

43c"? 1 . 

1 9S74 . 

7 g S3 . 

£8 054 • 

3657 . 

£903. 

U « U « ■ 

6960 . 

1340 . 

£739 . 

577S . 

5060. 

1 1 0 0 . 
croc; 

_! l“i m 

l.'UI ■ 

39 0 . 

151715. 

£644 . 

1470. 

1840 . 

£171 . 

5024 . 

6 c' 4 1 . 

16149. 

1 87254 . 
1 3£ 0 0 0 . 
319354. 


STwob 

EXTERNAL TANK WEIGHT STATEMENT: 


LOX TANK 16£6 0 . 

BHD 79 . 

FWD FRAME 51. 

FWD OGIVE 1342 , 

AFT OGIVE 4511. 

XT 745 FRAME 3 13. 

BARREL £9 1 7 . 

INTERTANK FRAME 1064. 

AFT DOME 3469 . 

SLOSH BAFFLES £514. 

INTER TANK 12708. 

MACHINED BARREL PNLS 5088. 

3K/ST6R BARREL PNLS 5500. 

STABILIZING FRAMES <4> 1505. 

SRB THRST XT 985 FRAME 0. 

SRB THRST BEAM 0. 

SRB THRST FITTINGS <£> 0. 

ACCESS DOOR 68 . 

BARREL PNLS SPLICES <8> 113. 

FRAME STAELIZEPS £44. 

£T ASSY FASTENERS 191. 
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LIQUID POCKET BOOSTER WEIGHT STATEMENT: 


BOB.' I TRUCYURE 


93053 . 

INTEGRAL LOX TANK 

£0679. 


INTEGRAL FUEL. TANK 

14 022 . 


INTERSTAGE 

8533 . 


AFT SKIRT 

16153. 


THRUST STRUCTURE 

33615. 


AEROBYNAM I C SURFACES 


6916 . 

STABILIZERS: (BRAG FLAPS > 

6916 . 


THERMAL PROTECTION SYSTEM 


2 1 39 . 

TANK INSULATION 

941 . 


ABLATIVE MATERIAL 

1 248 * 


POWER SUPPLY 'CON VERS I ON^B I STP I BUT ION 


789 . 

ELECTRICAL SYSTEM 

884 < 


CONTROL SYSTEM 

115. 


I NSTRUMENTAT I ON SYSTEM 


1520. 

INSTRUMENTATION 

1 5£ 0 . 


PROPULSION 


88208 • 

ENGINES <DRY> 

37345 . 


ACCESSORIES 

416. 


G I MEAL SYSTEM 

c Xi i“i *Z‘ 

_• L- -«. J m 


BASE HEAT 'SHIELD 

4356 . 


FUEL SYSTEM 

>~f ( C; Q 


OXIDIZER SYSTEM 

12419 . 


SEPARATION AND RECOVERY SYSTEM 


16665. 

SEPARATION SYSTEM 

2488 . 


CHUTE SYS ( MA I N AND BROGUE > 

5724 . 


FLOATATION SYSTEM 

1 04 . 


RECOVERY AIDS 

1 02 . 


FITTINGS AND SUPPORTS 

1 97 . 


RETRO SYS (100 F.-'S DEL V> 

3174. 


REENTRY HEAT SHIELD 

4376 . 


STAGE DRY WEIGHT 


139356 . 

CONTINGENCY 


0 . 

EMPTY WEIGHT 


133356 . 

PROPELLANT RESIDUALS 


4 0383 . 

FUEL BIAS 

1300 . 


TRAPPED LOX TANK GASES 

3371 . 


TRAPPED FUEL TANK GASES 

3440 . 


FROST TRAPPED 

434 . 


TRAPPED FUEL 

1216 0 . 

i 

TRAPPED LOX 

18073. 


IN-FLIGHT LOSSES 


4271 . 

FUEL LOSSES 

1956 . 


LOX LOSSES 

2229 . 


MAIN PROPELLANTS 


2459598 . 

FUEL 

719124. 


LOX 

1739474. 


BLOW 


26926 OS . 

MASS FRACTION (BASED ON INERT WT> 


.9131 


ORB ITER WT 


319254.0 

ET WEIGHT 


1 fcs U 5487 > d 

LRE STAGE WT 


2692607 -6 

GLOW 


4817348.7 

EFFECTIVE STG 

1 LAMBDA 

.92816 

EFFECTIVE STG 

2 LAMBDA 

. 92 097 
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• i' 

* 


CONVERGENCE DATA : 

GLOW 

4817349 . 


THROW WEIGHT 


4 1 7338 . 

PAVLDRD 


132044. 

TOTAL VI DEAL 

30307 .3 


STAGE 1 VI DEAL 


1 0997.9 

STAGE 2 VI DEAL 


19309.9 

TOTAL PROPELLANT 

4186001 . 


LRB PROPELLANT 


2458513. 

ET PROPELLANT 


17 07488 . 

STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 

346 . 03 


LIFT-OFF T/W 

1 .236 


MAXIMUM 0 

509.9 


TIME AT MAX Q 

S 0 . 0 


STG 1 MAX LF 

3 . 0 0 


TIME AT MAX LF 

1 39 . 0 


EFF W DDT 'LRB 

1 4692 .6 


EFF W DOT 'EVENT 1 

1 3068 .9 


STAGING CONDITIONS: 

WEIGHT 

1 793884 . 


PEL VELOCITY <FPS> 

6414.5 


PEL F .P. ANGLE (DEG) 

24 . 97 


ALTITUDE <FT> 

207760 . 


TIME (SEC) 

167.33 


ATT AFTER STG (DEG) 

1.13 









MISSION SUMMARY: OCTOBER ltb 1975 


PARAMETER 


EVENT 

1 

EVENT 2 

EVENT 3 

EVENT 4 

TIME (SEC) 


167 


236 .5 

531 . 0 

606,0 

ALTITUDE <K FT) 


2 07 

.8 

348 .6 

394 . 4 

0 

REL VELOCITY <1 

0 0 FPS) 

64 

.i 

1 - 4 

243 . 0 

201.3 

REL GAMMA (DEG?' 


•-'Cr 

L-.‘J 

, 0 

© ■ C l' 

.528 

-89.8 

WEIGHT <K LBS) 


48 1 7 

■ Z l 

1 559 . 9 

1 326 . 4 

234.0 

WEIGHT DROP <K 

LBS) 

234 

. 0 

0 

0 

0 

THROW WEIGHT <K 

LBS) 

1559 


1 326 . 4 

417 .34 

0 

CUM V IDEAL (1 00 

FPS ) 

1 1 0 

. 0 

1 33 . 7 

303 . 1 

0 

DOWNRANGE CNMI) 


45. 

.1 

132.7 

912.0 

286.2 


EVENT 1 BECO'SEPAPATION EVENT 3 MECD' INJECTION 

EVENT S RTLS-'AOA CONSTRAINT EVENT 4 LRB TOUCHDOWN 
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TIME 


EDIN0502 FLIGHT HTTITUOE DEC 75 
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EDIN0502 LRB REENTRY STRTE DEC 75 








SIGMA CORPORATION 


EDIN0502B DESIGN 
SIMULATION RESULTS 
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FORECASTER : EDIN DESIGN CENTER DATE: l 0 OCT 75 

AFFILIATION: ENGINEERING ANALYSIS DIVISION-JSC TIME: 17:07 

STUDY NO: ED IN 05 OS 


CONCEPT: 


MISSION : 


ft 33.0 FT. DIAMETER RECOVERABLE STAGE USING 7.00 HIGH 
PRESSURE ENGINES MOUNTED BEHIND THE SHUTTLE ET FOP 
REPLACEMENT OF THE SOLID ROCKET BOOSTERS. 

MAXIMUM PAYLOAD 
DUE EAST LAUNCH FROM ETR 

ft £50 FPS QMS .3ELTA VEL IN EXCESS OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 1UQ FPS PCS TRANSLATION DELTA VEL. 

DUAL CONSTRAINT OPTIMIZED EXO-ATMOSPHERIC PITCH 
PROFILE AND INITIAL TILT PATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 RTLS-- ADA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY HIGH 
PRESSURE ENGINE THROTTLING AND-' OF’ SSME THROTTLING. 

MAX DYNAMIC PRESSURE = 650.0 PSF 

MAX ACCELERATION = 3.0 G 

PROPULSION: LRB : 7.00 HIGH PRESSURE ENGINES RATED AS FOLLOWS: 

THRUST OSL:- = 680000.00 LBS 

LBS 


TRAJECTORY : 


THRUST < SL > 


68 0 0 0 0 . 0 0 

THRUST < VAC > 

- 

735300 . 00 

THROTTLE 


1.00 TO .5 

ISPCSL) 

= 

319.60 SEC 

ISPc'VAO 

= 

345.60 SEC 

FLOWRATE 


ale? . 7 LB/ 

EXIT AREA 

=; 

£'7.132 SQ 

MIX RATIO 

sr 

c! ■ 4 U • 1 

II TER: THREE 

S' 

SME ENGINES 

THRUST <SL} 


375 0 0 0 . 0 0 

THRUST < VAC > 

=5 

470000.00 

THROTTLE 

= 

1.09 TO .5 

ISPCSL::- 

= 

363.30 SEC 

ISP < VAC > 

= 

455.30 SEC 

FLDWRATE 


1032.5 LB.-" 

EXIT AREA 

sr 

44.896 SQ i 

MIX RATIO 

= 

6.00:1 


0 0 


AERODYNAMICS: DATA FOR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SRB DELETION. 

REF AREA — £557 . 0 SQ FT 

STRUCTURE: ORB I TER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FDR DELETION OF THE SRBvET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 


MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERT I ES : ASSUMPT I DNS . 

LRB: WERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

ORB ITER: FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP F'AYLDAD . 
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EDIN0502B DESIGN SIMULATION RESULTS 



WEIGHTS SUMMARY REPORT 


GLOW 


4927992 .12 


ET LIFT-OFF WEIGHT 


1911240.42 


ET I MEET WEIGHT 
ET PRDFELLAHT 


104144.4 
IS 07 098 . 00 


LRB LIFT-OFF WEIGHT 


26926 07 


1 


LRB INERT WEIGHT 
LRB PROPELLANT 

ui 

1-1 ORB I TER LIFT-OFF WEIGHT 


234010.25 
2458597 .56 


324144 . 00 


OF BITER INERT WEIGHT 
PAYLOAD 


137254 . 00 
136881 .36 


□REITER WEIGHT STATEMENT FDR MISSION 1 •* 


WING GROUP 15684. 

TAIL GROUP £862. 

BDDV GROUP 4388 1. 

INDUCED ENVIRN PROTECT 19874. 

LANDING H, AUX SYSTEMS 7683. 

PROPULS I ON- ASCENT £8 054 . 

PROPULS ION-RCS £657 . 

PROPULS I ON-OMS £9 02 . 

PRIME POWER £989. 

ELECTRICAL CONVERSION 6960. 

HYDRAULIC CONVERSION 1340. 

SURFACE CONTROLS £739 . 

AVIONICS 5773. 

ENVIRONMENTAL CONTROL 5060. 

PERSONNEL PROVISION 1100. 

PAYLOAD PRO V I S I DNS 5 35 . 

MARGIN i3£7. 

WT PENALTY FOR 10 OK PAYLD 390. 

ORB I TER EMPTY WEIGHT 151715 

PERSONNEL £644 . 

RESIDUALS 1470. 

RESERVE FLUIDS 1340. 

INFLIGHT LOSSES £171. 

ASCENT PROPULSION 50£4. 

PROPELLANT-RCS 63 41 . 

PROPELLANT-OMS 16149. 

ORB ITER INERT WEIGHT 137354 

PAYLOAD 136390 

ORBITER PRELAUNCH WEIGHT 324144 


EXTERNAL TANK WEIGHT STATEMENT: 
LOX TANK 
BHD 

FWD FRAME 
FWD OGIVE 
AFT OGIVE 
XT 745 FRAME 

PHDDCI 

INTERTANK FRAME 
AFT DOME 
SLOSH BAFFLES 
INTERTANK 

MACHINED BARREL PNLS 
SK,'STGR BARREL PNLS 
STABILIZING FRAMES C 4 > 

SRB THRST XT 935 FRAME 
SAB THRST BEAM 
SRB THRST FITTINGS C£> 
ACCESS DOOR 

BARREL PNLS SPLICES < 8 > 
FRAME STABLIZERS 
ET ASSY FASTENERS 


34 
54 
1420 
4774 
331 
3037 
1126 
367 1 

£ £ \ j 


5821 
1 593 
0 
0 

0 

T •"< 
I u, 

119 


1 3449 


£02 


b 2 



LH£ TANK 


4££16 . 

FWD DOME 

£013. 


XT 1129.9 FRAME 

1 337 . 


BARREL HD. 4 

3305. 


XT 1:377 FRAME 

69? . 


BARREL NO. 3 

6343 . 


AT 1624 FRAME 

633 . 


BARREL NO. 2 

6346 . 


XT 1371 FRAME 

£176 . 


BARREL NO . 1 

7.347 . 


XT £053 FRAME 

4153. 


AFT DOME 

£355 . 


THERMAL PROTECTION 


8 1 3 0 , 

LOX TANK 

1754. 


INTERTANK 

1 S£ 1 . 


LH£ TANK 

4273. 


PROP <MECH+ELEC> 

333 . 


PROPULSION AND MECHANICAL SYSTEMS 


4" 66 - 

LOX FEED SYS 

? 038 . 


LOX ANT I SEVER SYS 

131 . 


LOX VENT SYS 

107. 


LOX PRESS. SYS 

dod. m 


LH£ FEED SYS 

533. 


LH£ RECIR. SYS 



LH2 VENT SYS 

1 be! ■ 


LH£ PRESS. SYS 

1 7£ . 


HELIUM INJ. SYS 

36 . 


INTERTANK PURGE SYS 

1 01 . 


HAZARD GAS DETECTION SYS 

1 0 . 


FAIRINGS AND CONDUIT 

431 . 


LINE SUPTS. AND ATTACHS . 

675 . 


ELECTRICAL SYSTEM 


£95. 

ET WIRING ASSY 

1 93 . 


SRB WIRING ASSY 

0 . 


INSTRUMENTATION 

13 . 


CABLING ATTACHS. +SENSDP SUPTS. 

t ( • 


0RB---SRB ATTACHMENTS 


5670 . 

ORB I TER SUPPORTS 

339 1 . 


UMBILICAL BEAM 

793 . 


ORB/'ET ATTACH FTGS 

£96 . 


SRB/'ET ATTACH FTGS 

0. 


ET/ORB UMBILICAL HDWR 

685. 


MANUFACTURING VARIATION WT . 


536 . 

EMPTY WEIGHT 


92321 . 

UNUSABLE FLUIDS 


515. 

LHE IN TANK 

289 . 


LH£ IN LINE 

59. 


LDX IN LINE 

166. 


PRE-PRESS . + 1 NFL I GHT GASES 


4662 • 

GH£ 

1£1£ . 


GOX 

34 1 1 . 


HELIUM 

39 . 


SEPARATION HARDWARE 


6 . 

SRB SUPPORTS 

0. 


ORB FITTINGS 

6 . 


FLT PERF RES 


6641 . 

ET INERT WT 


104144. 

MAIN PROPELLANTS 


1807096. 

LOX 

1543939. 


LHE 

£58157. 


ET LIFT-OFF WEIGHT 


1911 £4 0 . 

MASS FRACTION 


.9490 


53 



LIQUID POCKET BOOSTER WEIGHT STATEMENT ; 


BODY STRUCTURE 


92 058 

INTEGRAL LUX TANK 

£067?. 


INTEGRAL FUEL TANK 

140££. 


INTERSTAGE 

3583 ■ 


AFT SKIRT 

1 6 1 5? . 


THRUST STRUCTURE 

•33615. 


AERODVNAM I C SURFACES 


6916 

STABILIZERS • DRAG FLAPS • 

6? 1 6 ■ 


THERMAL PROTECTION SYSTEM 


2 1 89 

TANK INSULATION 

9*1 . 


ABLATIVE MATERIAL 

1843 . 


POWER SUPPLY . CONVERS ION.-' D I STR I BUT I ON 


799 

ELECTRICAL SYSTEM 

684 • 


CONTROL SYSTEM 

115. 


INSTRUMENT AT I ON SYSTEM 


1 52 0 

INSTRUMENTATION 

1520. 


PROPULSION 


68 c! uy 

ENGINES < DRY > 

37345. 


ACCESSORIES 

416. 


GIMBRL SYSTEM 

5283 . 


BASE HEAT SHIELD 

4356 . 


FUEL SYSTEM 

8339 . 


OXIDIZER SYSTEM 

12419. 


SEPARATION AND RECOVERY SYSTEM 


16665 

SEPARATION SYSTEM 

84yy . 


CHUTE SYS ‘.MAIN AND DROGUE) 

5784 . 


FLOATATION SYS "EM 

1 04. 


RECOVERY AIDS 

1 02 . 


FITTINGS AND SUPPORTS 

197 . 


RETRO SYS <100 F.-S DEL V) 

3 1 74 , 


REENTRY HEAT SHIELD 

4876 . 


STAGE DRY WEIGHT 


189356 

CONTINGENCY 


0 

EMPTY WEIGHT 


1 89356 

PROPELLANT RESIDUALS 


4 0383 

FUEL BIAS 

1800 . 


TRAPPED LOX TANK GASES 

3871 . 


TRAPPED FUEL TANK GASES 

3 44 0 . 


FROST TRAPPED 

4 s 4 • 


TRAPPED FUEL 

12160. 


TRAPPED LOX 

13073 . 


IN-FLIGHT LOSSES 


4271 

FUEL LOSSES 

1956. 


LOX LOSSES 

£229 . 


MAIN PROPELLANTS 


2458598 

FUEL 

719124. 


LOX 

1739474 . 


BLOW 


d b 9 c! 6 u y 

MASS FRACTION C BASED ON INERT WT> 


. 9 1 3 


□REITER WT 


3241*4 . 0 

ET WEIGHT 


1911240.4 

LPE STAGE WT 


8 69 86 07 ,8 

GLOW 


498 79 Yd •£ 

EFFECTIVE STG 

1 LAMBDA 

. 92307 

EFFECTIVE STG 

2 LAMBDA 

. 92289 
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CONVERGENCE BATA : 

GLOW 

THROW WEIGHT 
PAYLOAD 
TOTAL VI DEAL 

STAGE 1 VI DEAL 
STAGE £ V IDEAL 
TOTAL PROPELLANT 
LRB PROPELLANT 
ET PROPELLANT 


4923000 . 

4£8£8 0 . 
1 -<808 1 • 

30515.0 

1 0543.7 
19971 .3 

4265710. 

£458-61 2. 
IS 07 09S. 


STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 
LIFT-OFF 1VW 
MAXIMUM O. 

TIME AT MAX Q 
STG 1 MAX LF 
TIME AT MAX LF 
EFF WDOT.'-LRB 
EFF WDOT/EVENT 1 


u'lNiAL lVVLiLj 1*-' 

tffwi* auAU-w 


.345.50 
1 .£09 

487.0 
9 0 . U 
3 . OO 

166.1 
14S05.6 
1S181 • 9 


STAGING CONDITIONS: 

WEIGHT 1908704. 
REL VELOCITY <FPS> 5 989 . 8 
REL F.P. ANGLE <DE6> £3.43 
ALTITUDE C FT > 185554. 
TIME C SEC > 166.06 
ATT AFTER STG CDES> .99 


MISSION 


SUMMARY : 


OCTOBER 10 > 1975 


PARAMETER 

EVENT 1 

EVENT £ 

EVENT 3 

EVENT 4 

TIME CSEO 

1 66 - 1 

£57. £ 

560.9 

578.3 

ALTITUDE CK FT> 

185.6 

3 4 8 - 6 

394 . 4 

o 

REL VELOCITY Cl 00 FPS 

> 59.9 

81 .4 

243 . 0 

?01. 3 

REL GAMMA CPEG) 

£3.4 

c« * c! f 

.5£9 

-89 . 8 

WEIGHT CK LBS> 

4928 . 0 

1674.7 

1 367 . 0 

234*0 

WEIGHT DROP <K LBS> 

£34 . 0 

0 

0 

o 

THROW WEIGHT CK LBS> 
CUM VI DEAL Cl 00 FPS > 

1674.7 
1 05 . 4 

1 367 . 0 

1 O . c! 

4 d 8 • d y 
.303.1 

u 

0 

0 

236.9 

DOWNRANGE CNMI> 

m 

..40.9 

153.5 

954-5 


EVENT 1 BECD^SEP AR AT I ON 

EVENT £ PTLS/flOA CONSTRAINT 


EVENT 3 MECQv' INJECTION 
EVENT 4 LRB TOUCHDOWN 
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30.00 













SIGMA CORPORATION 
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FORECASTER : ED IN DESIGN CENTER 

AFFILIATION : ENGINEERING ANALYSIS DIVISION’ JSC 

STUDY NO! ED IN 05 03 


DATE: Id OCT 75 
TIME: 19 : 07 


CONCEPT: A 33.0 FT. DIAMETER RECOVERABLE STAGE USING 6.00 HIGH 

PRESSURE ENGINES MOUNTED BEHIND THE SHUTTLE ET FOR 
REPLACEMENT OF THE SOLID POCKET BOOSTERS. 


MISSION: 


TRAJECTORY : 


PROPULSION: 


MAXIMUM PAYLOAD 

DUE EAST LAUNCH FROM ETP 

A £50 FPS QMS DELTA VEL IN EXCESS OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS RCS TRANSLATION DELTA VEL. 

DUAL CONSTRAINT OPTIMIZED EXO-ATM OSPHEP I C PITCH 
PROFILE AND INITIAL TILT PATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 PTLS-' ADA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY HIGH 
PRESSURE ENGINE THROTTLING AND-'OR SSME THROTTLING. 

MAX DYNAMIC PRESSURE = 650.0 PSF 

MAX ACCELERATION = 3.0 G 


LRB : 6.00 HIGH PRESSURE ENGINES RATED 


THRUST (SL;> 

= 8nnnno.no lbs 

THRUST < VAC > 

= 856800.00 LBS 

THROTTLE 

= 1.00 TO .500 

ISPCSL) 

= 327.60 SEC. 

ISP': VAC) 

= 3 50. A0 SEC. 

FLOWRATE 

= 2448.2 LE'”SEC 

EXIT AREA 

= 31.730 SQ FT 

MIX RATIO 

= £.90:1 

ORBITER: THREE 

SSME ENGINES' RATED 

THRUST <SL> 

= 375000.00 LBS 

THRUST < VAC > 

= 470000.00 LBS 

THROTTLE 

= 1.09 TO .500 

ISP<SL> 

= 363.20 SEC 

ISPCVAO 

= 455.20 SEC 

FLOWRATE 

= 1032.5 LEASE'S 

EXIT AREA 

= 44.896 SQ FT 

MIX RATIO 

= 6 . 0 O : 1 


AS FOLLOWS 


FOLLOWS: 


AERODYNAMICS: DATA FDR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SRB DELETION. 

REF AREA = £557.0 SQ FT 

STRUCTURE: ORB I TER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FOR DELETION OF THE SREvET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 


MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERT I ES : ASSUMPTIONS . 

LRB: WERS BASED ON SATURN TECHNOLOGY, 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

ORBITER: FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP PAYLOAD. 


SI 





WEIGHTS SUMMARY REPORT 


GLOW 

* 

ET LIFT-OFF WEIGHT 

ET INERT WEIGHT 
ET PROPELLANT 

LR'B LIFT-OFF WEIGHT 

m 

LRB INERT WEIGHT 
LRB PROPELLANT 

m 

□REITER LIFT-OFF WEIGHT 

■ 

□REITER INERT WEIGHT 
PH'TLORD 


4 69 75 14. SI 
1 S 054S I .c'U 



EG 

81 


c! 34 0 1 3 . 39 
£334610.50 


333404.00 

187354 . 00 

136123 .01 




♦♦♦♦♦♦♦♦ 






ORB I TER WEIGHT STATEMENT FOP MISSION li 
WING GROUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENVIPN PROTECT 
LANDING & flUX SYSTEMS 
PROPULSION-ASCENT 
PROPULS I ON-RCS 
PROPULS I ON-OMS 
PRIME POWER 
ELECTRICAL CONVERSION 
HYDRAULIC CONVERSION 
SURFACE CONTROLS 
AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FOR 1 0 OK PAYLD 
ORB I TER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLANT-PCS 
PROPELLANT-OMS 
ORB ITER INERT WEIGHT 
PAYLOAD 

ORB I TER PRELAUNCH WEIGHT 


1 5684 
Z' o J z* 

C V' C- C 

4329 1 
19374 
7 b S3 
£8054 

Z<£ erb 
£ b J i 

£9 0 £ 


6960 

1840 

£739 

5778 

5060 

1100 

585 

1327 

390 

£644 
1470 
184 0 
£171 
3024 
6£41 
16149 


1 87254 , 
136150 . 
3234 04 . 


EXTERNAL TANK WEIGHT STATEMENT: 
LOX TANK 
BHD 

FWD FRAME 
FWD OGIVE 
AFT OGIVE 
XT 745 FRAME 
BARREL 

IN TER TANK FRAME 
AFT DOME 
SLOSH BAFFLES 
INTER TANK 

MACHINED BARREL PNLS 
SK/STGR BARREL PNLS 
STABILIZING FRAMES':' 4 > 

SRB THRST XT 985 FRAME 
SRB THRST BEAM 
SRB THRST FITTINGS <2> 
ACCESS DOOR 

BARREL PNLS SPLICES <8) 
FRAME STABLIZEPS 
ET ASSY FASTENERS 


79 
51 
134£ 
451 1 
313 
£917 
1 064 
3469 
£514 



1 6£6 0 . 


68 

113 

£44 

191 
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LHS r ANK 
F .ID DOME 
IT 1 1 iS’r 1 .9 FRAME 
1: APPEL MO. 4 
::t 13?? frame 
1‘ARPEL MD.3 
NT 1624 FRAME 
BARREL NO.S 
NT 1871 FRAME 
BARREL ND.l 
XT £058 FRAME 
AFT DOME 

THERMAL PROTECTION 
LOX TANK 
INTERTANK 
LH£ TANK 

PROP <MECH+ELEC:> 

PROPULSION AND MECHANICAL SYSTEMS 
LOX FEED SYS 
LOX ANT I SEVER SYS 
LOX VENT SYS 
LOX PRESS. SYS 
LH£ FEED SYS 
LHS RECIR. SYS 
LH£ VENT SYS 
LHS PRESS. SYS 
HELIUM INJ. SYS 
INTERTANK PURGE SYS 
HAZARD GAS DETECTION SYS 
FAIRINGS AND CONDUIT 
LINE SUPTS. AND ATTACHS . 
ELECTRICAL SYSTEM 
ET WIRING ASSY 
SRB WIRING ASSY 
INSTRUMENTATION 

CABLING ATTACHS. +SENSOR SUPTS. 
ORB/SRB ATTACHMENTS 
□REITER SUPPORTS 
UMBILICAL BEAM 
ORB sET ATTACH FT GS 
SRB''ET ATTACH FTGS 
ET-'ORB UMBILICAL HDWR 
MANUFACTURING VARIATION WT . 

EMPTY WEIGHT 
UNUSABLE FLUIDS 
LHS IN TANK 
LHS IN LINE 
LOX IN LINE 

PRE-PRESS .+ INFLIGHT GASES 
GHS 
SOX 

HELIUM 

SEPARATION HARDWARE 
SRB SUPPORTS 
ORB FITTINGS 
FLT F'ERF RES 
ET INERT WT 
MAIN PROPELLANTS 
LOX 
LHS 

ET LIFT-DFF WEIGHT 
MASS FRACTION 




I F OS 
1877 
85S5 
855 
8558 
855 
8588 
£ 058 
8942 
3 9 S'? 


1857 

17S0 

4037 

314 

1928 
181 
1 01 
SI? 
551 
36 
153 
16£ 
£5 
85 
10 
4 c r 

637 

188 

0 

17 


i 

754 
28 0 
0 

647 


r r Sr 1 


45 04 




flK 


157 

1145 


1 483527 
£4392 1 


4405 . 


t- . 


59 1 £ . 
98039 . 
1 (■ U7 44y • 


1805487 . 
.9490 
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LIQUID POCKET BOOSTER WEIGHT STATEMENT: 


BODY STRUCTURE 


93058 . 

INTEGRAL LOX TANK 

£0*7’?. 


INTEGRAL FUEL TANK 

1 40££ . 


INTERSTAGE 

■I‘ er o 7 1 

C 1 4 


AFT SKIRT 

16159. 


THRUST STRUCTURE 

33615. 


AERODYNAMIC SURFACES 


6916 . 

STABILIZERS (DRAG FLAPS) 

6916. 


THERMAL PROTECTION SYSTEM 


2189. 

TANK INSULATION 

941 . 


ABLATIVE MATERIAL 

1S48. 


POWER SUPPLY ■'CONVERS I ON -'D I STR I BUT ION 


799 • 

ELECTRICAL SYSTEM 

684 . 


CONTROL SYSTEM 

1 15. 


INSTRUMENTATION SYSTEM 


1520. 

INSTRUMENTATION 

1 520 . 


PROPULSION 


68963 . 

ENGINES (DRY) 

38 1 0 0 . 


ACCESSORIES 

416. 


GIMBAL SYSTEM 

5283 . 


BASE HEAT SHIELD 

4356 . 


FUEL SYSTEM 

O S' O Q 
c* z* c* r* i 


OXIDIZER SYSTEM 

12419 . 


SEPARATION AND RECOVERY SYSTEM 


16665. 

SEPARATION SYSTEM 

£488 . 


CHUTE SYS (MAIN AND DROGUE) 

57£4. 


FLOATATION SYSTEM 

1 04 . 


RECOVERY AIDS 

1 02 . 


FITTINGS AND SUPPORTS 

197. 


RETRO SYS (100 F-'S DEL V) 

3174. 


REENTRY HEAT SHIELD 

4876. 


STAGE DRY WEIGHT 


190111 . 

CONTINGENCY 


0 . 

EMPTY WEIGHT 


190111 . 

PROPELLANT RESIDUALS 


39767 . 

FUEL BIAS . * 

1800. 


TRAPPED LUX TANK GASES 

3871 . 


TRAPPED FUEL TANK GASES 

3440 . 


FROST TRAPPED 

434. 


TRAPPED FUEL 

10064. 


TRAPPED LOX 

18073 . 


IN-FLIGHT LOSSES 


4 1 35 . 

FUEL LOSSES 

1619. 


LOX LOSSES 

£££9 . 


MAIN PROPELLANTS 


2334611 • 

FUEL 

595137. 


LOX 

1739474 . 


BLOW 


£568624 . 

MASS FRACTION (BASED ON INERT WT> 


,9 089 

ORB I TER WT 

323404.0 


ET WEIGHT 

1805487 .£ 


LRB STAGE WT 

£568623.8 


GLOW 

4697514.9 


EFFECTIVE STB 1 LAMBDA 

.92712 


EFFECTIVE STG £ LAMBDA 

.92652 
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CONVERGENCE DATA : 

GLOW 

THROW WEIGHT 
PAYLOAD 
TOTAL VI DEAL 

STAGE 1 VI DEAL 
STAGE 2 '-'IDEAL 
TOTAL PROPELLANT 
LRB PROPELLANT 
ET PROPELLANT 

STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 
LIFT-OFF TAi 
MAX I MUM ® 

TIME AT MAX © 

ST6 1 MAX LF 
TIME AT MAX LF 
EFF WDOT "LRB 
E F F WDOT -EVENT 1 

STAGING CONDITIONS! 

WEIGHT 

PEL VELOCITY (FPS) 
REL F.P. ANGLE (DEG) 
ALTITUDE (FT) 

TIME ( SEC > 

ATT AFTER STG (DEG) 


m 

MISSION SUMMARY: OCTOBER 1 0 » 1975 
PARAMETER EVENT 1 EVENT 


TIME (SEC) 161.4 233 

ALTITUDE <K FT) £03.5 343 

REL VELOCITY <100 FPS) 63.7 31 

REL GAMMA (DEG) £5.0 8 . 

WEIGHT <K LBS) 4697.5 1583 

WEIGHT DROP (K LBS) £34.0 

THROW WEIGHT CK LBS) 1533.9 1341 

CUM VI DEAL (100 FPS) 107.8 132 

DOWNRANGE (NMI) 44 . 4 135 

■ 

EVENT 1 BECO,' SEPARATION 
EVENT £ RTLS/ADR CONSTRAINT 
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\u - J -U ij * TO 


4697515. 

30170.5 
4042036 . 


421415. 

136122. 


1 0779 . 6 
19390.9 



352.91 
1 .277 
541 .6 
80.0 
3 . 0 0 
159.0 
14460.1 
17836.4 



EVENT 3 

EVENT 4 

531 . 1 

598.0 

394 . 4 

0 

243 . 0 

201.3 

.52 6 

-89.8 

1341 .4 

234.0 

0 

0 

421 .42 

0 

3 01.7 

0 

922.7 

280.3 


EVENT 3 MECO.'- 1 N JECT I ON 
EVENT 4 LRB TOUCHDOWN 


ACCEL 











THETfll 
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FORECASTER: EDIN DESIGN CENTER DATE: 19 NOV 75 

AFFILIATION: ENGINEERING ANALYSIS DIVISION'-' JSC TINE: 00:11 
STUDY NO: ED I NOS 04 


CONCEPT: A 33.0 FT. DIAMETER RECOVERABLE STAGE USING 5.09 HIGH 

PRESSURE ENGINES MOUNTED BEHIND THE SHUTTLE ET FOR 
REPLACEMENT OF THE SOLID POCKET BOOSTERS. 

MISSION: 140000.0 LB PAYLOAD 

DUE EAST LAUNCH FROM ETP 

A £50 FPS OMS DELTA VEL IN EXCESS OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS PCS TRANSLATION DELTA VEL. 


TRAJECTORY: DUAL CONSTRAINT OPTIMIZED EX0-ATM03PHERIC PITCH 

PROFILE AND INITIAL TILT RATE. 

, MID POINT CONSTRAINT = SHUTTLE MISSION 1 PTLS.-AOA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECD 
ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY HIGH 
U PRESSURE ENGINE THROTTLING AND/OR SSME THROTTLING. 
MAX DYNAMIC PRESSURE = 650.0 PSF 
MAX ACCELERATION = 3.0 G 


PROPULSION: 



LRB : 5.09 HIGH 
THRUST CSL> 
THRUST CVAC? 
THROTTLE 
ISPCSL) 

ISP < VAC? 
FLOWRATE 
EXIT AREA 
MIX RATIO 
ORB I TER: THREE 
THRUST <SL> 
THRUST C VAC > 
THROTTLE 
rsp<SL> 
ISPCVAO 
FLOWRATE 
EXIT AREA 
MIX RATIO 


PRESSURE ENGINES RATED AS FOLLOWS: 
= 800000.00 LBS 
- 856800.00 LBS 
= 1.00 TO .500 


= 

3E7 .60 

SEC . 

= 

35 0 - 3 0 

SEC . 

= 

Cl' 4 4 £.' . £ 

LEV'S EC 

=: 

32.000 

SQ FT 


£ * 9 0 r 1 



SSME ENGINES RATED AS FOLLOWS: 
= 375000.00 LBS 
= 470000.00 LBS 
= 1.09 TO .500 
= 363.20 SEC 
= 455.20 SEC 
= 1032.5 LB/SEC 
= 44.396 SQ FT 
= 6 . 00:1 


AERODYNAMICS: DATA FOR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SPB DELETION. 

REF AREA = 2557.0 SQ FT 


*' 

STRUCTURE: ORB ITER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FOR DELETION OF THE SPB/ET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 


m 

MASS MASS PROPERTIES ARE EASED ON THE FOLLOWING BASIC 

PROPERTIES: ASSUMPTIONS. 

LRB: WERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

OPBITER : FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP PAYLOAD. 
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WEIGHTS SUMMARY REPORT 

GLOW 

ET LIFT-OFF WEIGHT 

ET INERT WEIGHT 
ET PROPFLLANT 

LRE LIFT-OFF WEIGHT 

LRE INERT WEIGHT 
LRE PROPELLANT 

□REITER LIFT-OFF WEIGHT 


4261415.81 

1878989 . 1 y 

1 02458 . 0 
1 776*56 1 .56 

2 055 1 72 . 86 

200441 .21 
1854731 .67 

327254 . 00 


□REITER INERT WEIGHT 
PAYLOAD 


1 37254 . 0 0 
1 4 0 0 0 0 . 0 0 



□REITER WEIGHT STATEMENT FOR MISSION 1 
WING GROUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENVIRN PROTECT 
LANDING & AUX SYSTEMS 
PROPULSION-ASCENT 
PROPULS I ON-RCS 
PROPULS I ON-OMS 
PRIME POWER 
ELECTR I CAL CONVERS I ON 
HYDRAULIC CONVERSION 
SURFACE CONTROLS 
AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FDR 10 OK PAYLD 
□REITER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLAN ! -PCS 
PROPELLANT-OMS 
□REITER INERT WEIGHT 
PAYLOAD 

ORB I TER PRELAUNCH WEIGHT 


1 5684 ■ 

c'86ci ■ 

43291 . 
19874. 
7683. 
£8054 . 
£657 . 
£902 . 
£9£9 . 
6960 . 
1840 . 

:i-7Ti o 
c. r ji r * 

5 r' r 8 . 
5 06 0 . 
1 1 0 0 . 
585 . 
1 3£7 . 
390. 


£644 . 
1470. 
1840. 
£171 . 
5 0£4 . 
6£4 1 . 
16149. 


151715. 


187£54 . 
1 4 0 0 0 0 . 
3£7£54 . 


EXTERNAL TANK WEIGHT STATEMENT: 
LOX TANK 
BHD 

FWD FRAME 
FWD OGIVE 
AFT OGIVE 
XT 745 FRAME 
BARREL 

INTERTANK FRAME 
AFT DOME 
SLOSH BAFFLES 
INTERTANK 

MACHINED BARREL PNLS 
SK/ST6R BARREL PNLS 
STABILIZING FRAMES <4 > 

SRB THRST XT 985 FRAME 
SRE THRST BEAM 
SRB THRST FITTINGS C£> 
ACCESS DOOR 

BARREL PNLS SPLICES <S> 
FRAME STABLIZERS 
ET ASSY FASTENERS 


16917. 


oc 
53 
1396 
4694 
3£6 
3035 
1 1 07 
3609 
£615 

5894 
5722 
1566 
0 
0 
0 
71 
117 
£54 
1 98 
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LHP TANK. 


41502. 

FWB DOME 

1379. 


XT 11 29. 9 FRAME 

1953. 


BARREL MO .4 

8789 . 


XT 137? FRAME 

1 1 


BARREL MO .3 

* r" 

bdd-j ■ 


XT 1624 FRAME 

681 . 


BARREL NO .2 

6889 . 


XT 1871 FRAME 

8139, 


BARREL NO . 1 

"7 o O “ 

I CC‘J| 


XT £058 FRAME 

4088 . 


AFT DOME 

£3 1 5 . 


THERMAL PROTECTION 


8042. 

LOX TANK 

1 7£4 . 


INTER TANK 

1790. 


LH£ TANK 

4200 . 


PROP CMECH+ELEO 

3£7 . 


PROPULSION AND MECHANICAL SYSTEMS 


4686 • 

LOX FEED SYS 

£ 0 04 . 


LOX ANTIGEYER SYS 

1 88 . 


LOX VENT SYS 

1 06 . 


LOX PRESS . SYS 

Clv i 


LH2 FEED SYS 

573 . 


LH£ RECIR. SYS 

37 * 


LH£ VENT SYS 

160 ! 


LH2 PRESS. SYS 

169 . 


HELIUM INJ. SYS 

£6 . 


INTERTANK PURGE SYS 

99 . 


HAZARD GAS DETECTION SYS 

10. 


FAIRINGS AND CONDUIT 

4£4. 


LINE SUPTS. AND ATTACHS . 

663 . 


ELECTRICAL SYSTEM 


£90 . 

ET WIRING ASSY 

196 . 


SRB WIRING ASSY 

0 . 


INSTRUMENTATION 

18 . 


CABLING ATTACHS. +SENSOR SUPTS. 

76. 


ORE/SRE ATTACHMENTS 


557 4 . 

ORB I TER SUPPORTS 

33 2 6 . 


UMBILICAL BEAM 

784. 


ORB^ET ATTACH FTGS 

£91 . 


SRB.--ET ATTACH FTGS 

0 . 


ET/DRE UMBILICAL HDWP 

673 . 


MANUFACTURING VARIATION WT . 


527. 

EMPTY WEIGHT 


9 0759 . 

UNUSABLE FLUIDS 


506 . 

LH£ IN TANK 

£85 . 


LH£ IN LINE 

58 . 


LOX IN LINE 

1 63 . 


PRE-PRESS .+INFL1GHT GASES 


4583 . 

GH2 

1191 . 


GOX 

3353. 


HELIUM 

39 . 


SEPARATION HARDWARE 


6 . 

SRB SUPPORTS 

0. 


ORB FITTINGS 

6 . 


FLT PERF RES 


66 03 • 

ET INERT WT 


1 02458 . 

MAIN PROPELLANTS 


1776531 . 

LOX 

1 5££741 . 


LH£ 

£5379 0 . 


ET LIFT-OFF WEIGHT 


1878989. 

MASS FRACTION 


.949 0 
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133633 


LIQUID ROCKET BOOSTER WEIGHT STATEMENT I 
BODY STRUCTURE 

INTEGRAL LOX TANK 
INTEGRAL FUEL TANK 
INTERSTAGE 
AFT SKIRT 
THRUST STRUCTURE 
AERODYNAMIC SURFACES 

STABILISERS < DRAG FLAPS > 

THERMAL PROTECTION SYSTEM 
TANK INSULATION 
ABLATIVE MATERIAL 

POWER SUPPL rVCONVERS I DN/D I STR I BUT ION 
ELECTRICAL SYSTEM 
CONTROL SYSTEM 
INSTRUMENTATION SYSTEM 
INSTRUMENTATION 
PROPULSION 

ENGINES <DRY> 

ACCESSORIES 
GIMBAL SYSTEM 
BASE HEAT SHIELD 
FUEL SYSTEM 
OXIDIZER SYSTEM 

SEPARATION AND RECOVERY SYSTEM 
SEPARATION SYSTEM 
CHUTE SYS '"MAIN AND DROGUE > 
FLOTATION SYSTEM 
RECOVERY AIDS 
FITTINGS AND SUPPORTS 
RETRO SYS <100 F^S DEL V> 

REENTRY HEAT SHIELD 
STAGE DRY WEIGHT 
CONTINGENCY 
EMPTY WEIGHT 
PROPELLANT RESIDUALS 
FUEL BIAS 

TRAPPED LOX TANK GASES 
TRAPPED FUEL TANK GASES 
FROST TRAPPED 
TRAPPED FUEL 
TRAPPED LOX 
IN-FLIGHT LOSSES 
FUEL LOSSES 
LOX LOSSES 
MAIN PROPELLANTS 
FUEL 
LOX 
BLOW 

MASS FRACTION '-.EASED ON INERT WT> 


1 6395 . 
8715. 
8583 . 
16159. 
33780 . 

6916. 

94 1 . 
1 058 . 



1520. 

32305 . 
706. 
8959 . 
4356 . 
4822 . 
7040 . 

2483 . 
4549 . 


69 1 6 . 
1998 . 


b i r' • 


1520 


58 1 88 . 


14755. 


81 . 
157. 

5 C 53 
L JCC ■ 

4876 . 


1800 
3069 
2138 
315 
8042 
1 4329 


1293 

1767 

475572 

1379159 


167683. 

0 . 

1 67688 . 
29693 . 


3 06 0 . 


1 854 r Sc! • 

2055173. 

.9025 


□REITER WT 
ET WEIGHT 
LRE STAGE WT 
GLOW 

EFFECTIVE STS 1 LAMBDA 
EFFECTIVE STS 2 LAMBDA 


32 1 854 ■ U 
1878989 . 1 
2 055 1 72 . 9 
4261415.9 
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i m 


EFT'EMCE E'riT' 3 * * 

!,= □=■ UEIiSHT 
FfiVLORD 
7D7RL VI DEAL 

1 VII3ERL 
ITRSE E‘ VITERL 
TD7RL. Pr DPELLFtHT 
:..r E F'FiOPELLRH - 
ET PFCFELLRN7 

;e i : izirii? :-’R~r 

RVEPRGt 3-P . IMP. 
LIFT-2FF T W 
MR: ; I MUM tj 
TIME RT MR,'-' C; 

it 5 : mr:: lf 

TIME R" MR,-! l_F 
EFF hi jOT. LF!- 
EFF i.'iliOT • EVEMT ! 


ITR6ING CCNriTIDM:: 

USISHT 

PEL '•'ELDCI7V ' FP:> 
='EL F.r , Rf-iELE • I»EE 
Rl.7 I "MjI'E ''.FT 1 
7 I ME 1 I EC 

RTT i-fFTEP I T <3 1 I'E*3 1 


43t :4 1~ , 


3 l.ii ;■ 0 . 




1 4 Iji o 0 . 


1 ■' lit-. 3 
2 0114.4 


* ^ Jj. ~ 


1 j u 


a 




1S?30«21 . 
*5 '?£ 0 * ? 



iGlNAL PAGE IS 
•)F POOR QUALITY 


P'PF f EF 1 

TIME TEC > 

FiLT I TUI'E '!K FT?' 

PEL VELOCITY -'100 FPT> 
F*EL bPMMH f DEE ?■ 

M£I 3 HT F LET ; 

ME I bHT D P T F ». K LET, 1 
1 ITi';n ■ 1 K LET 

CUM VIDEPL * IOC FP I 
D u U M PPM3E mM M I ‘ 1 


EVENT i EECE TEPhPh^IGM 

E'-‘EHT £' RTLT PEP CEhTTFPIMI 


■ -fr 1 > 

' 19- 1 

V 4- > *> M* V- v* 

?75 

> -> . > - - * * 

:ur i 

E'-'EHT c 

E' EM^ 3 

30.7 

246.9 

-= « ,3 

1 Cm * •»' 

1 4§ , if 

^ 4 - 

. . ^ P u 

3 ? « E 

31.4 

c4 3 . 0 

S4 . r 

3 * 3 7 

. j cl -r‘ 

:©1 .4 

1337 , b 

1 3 73 . 0 

: 0 0 . 4 

o 

1 03 . 3 

C* w 

■ > ■ ■*' 

1 J73 . 0 


01 .3 

• z'z. # c 

- 4 “■ 

33.38 

156.0 

960.3 

i 

p:mt 

1 



- -i/ t* •» ► r ► ,*+■ »■ j- > 


EVEM" 4 

580.6 

0 

1 . 86 
-89.8 

200.4 
0 
0 
0 

223.4 


'EID JEC’IOM 


S- ■ i» ^ -if *> "** ^ ^ ♦ ■{» *> -> V* -4- ♦ ^ **■ -*> ■sV «J* J> >■*-■>»!>■ ■> * > -> |» 'S* T* Sf 'V ‘S* ^ ♦ *v T* r - <. V 
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EDIN0504A DESIGN 
SIMULATION RESULTS 



FORECASTER ’ ED IN DESIGN CENTER 
AFFILIATION: ENGINEER I NS ANALYSTS D I '-’IS I DM •' J- ' 
;riJDY NO i EDIN'}504 


DR IE: 6 DEC 7 
TIME: 15:45 


CONCEPT: A C3.ii FT. DIAMETER RECOVERABLE 'STAGE USING 6. FI HIGH 

PFESSUPE ENGINE: MOUNTED BEHIND THE SHUTTLE ET ROR 
REPLACEMENT OF THE .'OLID POCKET BOOSTERS . 

MISSION: 150000.0 LB FAVLOPD 

DUE EAST LAUNCH FPDM ETP 

a 550 fp: om: delta vel in excess of a 50 aoc nautical 

MILE REFERENCE ORBIT. 

a 100 fp: pc: translation delta vel. 

TRAJECTORY: DUAL CONSTRAINT OPTIMIZED E^j-ATMOSPHEPIC PITCH 

PROFILE AND INITIAL TILT RATE. 

' MID POINT CONSTRAINT = IHUTTLE MISSION 1 RTLS-AOA 

END POINT CONSTRAINT = SHUTTLE MIC "ION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINT: CONTROLLED EY HIGH 
PRESSURE ENGINE THROTTLING AND- OP SSME THROTTLING. 

MAX DYNAMIC PRESSURE = i-50.0 F'SF 

MAX ACCELERATION = 3.0 G 

PROPULSION: LRB: 6.61 HIGH PRESSURE ENGINES RATED AS FOLLOWS : 

THP' ‘ S T ■ S L f = 3 0 0 0 0 0 . & 0 LB S 
THRUST ''VAC = S66293 . 00 LBS 
THROTTLE = 1.00 TO .5 DO 
I SP r S L > = 3 21. 00 SEC. 

ISP 'VAC :• = 347.60 SEC. 

FLOWRATE = 5495.5 LB-SEC 

EXIT AREA = 35.000 SQ FT 

MIX RATIO = 2.50! I 

□RBITEP: THREE SSME ENGINES RATED AS FOLLOWS: 

THRUST < S L > = 375 0 0 0 . 0 0 L B S 

THRUST* VAC- = 470000.00 LBS 
THROTTLE = 1.09 TO .500 
ISP* SL > — 363 .50 SEC 

ISP'- VAC':' = 455.20 SEC 

FLOWRATE = 1035.5 LB --SEC 

EXIT AREA = 44.396 SQ FT 

MIX PATIO = 6.00:1 

AERODYNAMICS* DATA FOP LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE RF'EA FOP SPB DELETION. 

REF AREA = 5557.0 SO ft 

STRUCTURE! OF BITER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATIONS 
APE INCLUDED FOR DELETION OF THE SRE--ET ATTACHMENT* AND 
INCREASED UP PAYLOADS . 

MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERTIES: ASSUMPTIONS . 

uPB: WEPS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION PI S TRIBUTE® IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT. 

OR BITER * FEB 1975 SHUTTLE WITH MODS FOP 
INCREASED UP FAYLOAD. 
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EDIN0504A DESIGN SIMULATION RESULTS 



444 4 4 4 - 4 44 * 44-4 44 - 4 4444 4 44 44 4 4-4 4 4 ♦♦♦'4 4 4 44 4 4 4444 4 4444444 4 ♦ 4 4 > 
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WEiGHTf SUMMARY REPORT 


GLOW 

«r 

ET LIFT-OFF HEIGHT 

ET I HER T HEIGHT 
ET FWJPELLfim i 


480447 5 .56 
18 04 84 8 . 5t- 


1 03 '-*31 .88 
1801 OF.l .48 


LRB LIFT-OFF WEIGHT 


£'561666 . 3*4 


LRB INERT HEIGHT 888415.81 

LRB F r OPELLAH T 8 33 385 1 


CD 

U) 


ORB ITER LIFT-OFF HEIGHT 


337314 . 00 


ORB I TER INERT WEIGHT 137814.00 

PAYLOAD 1 5 0 0 0 0 . 0 0 





OR .VI TER HEIGHT STATEMENT FQF MISSION 1 : 
i..,l IN 6 GROUP 
TR TL GROUP 
BODY GPOUP 

INDUCE!? ENVIPN PROTECT 
•-ENDING », AUX SV! TEN'S 
PROPULS ION-ASCENT 

propulsion-pcs 
pRDPI.il: I ON-OMS 
PRIME POWER 
ELECTRICAL CONVERSION 
HYDRAULIC CON VERS ION 
SURFACE CONTROLS 
AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

M T PENALTY POP 1 5 OK PRVLD 
OR BITER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLANT- PCS 
PPOPELLANT-OMS 
□RBI TER INERT WEIGHT 
PAYLOAD 

ORB I TER PPELAUNCH HEIGHT 


i 5634 
S’ S ' 6 S’ 
4 S 3 '? 1 
1 S 3 74 
7 S' 3 3 
Si 054 
S 657 
Si OS 
S 9 S 9 

K H f| 

134 0 
S 7?9 
5773 
5 060 
1 100 



i ±644 
1470 
134 0 
SI 71 


6 S 41 

1614 ? 


i 


137314 
150 000 
S 3 73 14 


EXTERNAL TANK WEIGHT STATEMENT : 

lqx tank: 

BHD 

FWD FRAME 
PUD OGIVE 
AFT OGIVE 
XT 74 s FRAME 
BARREL 

INTERTANK FRAME 
AFT DOME 
SLOSH BAFFLES 
INTERTANK 

MACHINED BARREL PNLS 

SK-'STGP BARREL PNLS 

S TAB I L I Z I NG FRAMES < 4 

SRB THPST XT 985 FRAME 

SRB THPST BEAM 

SRB THPST FITTINGS < S > 

ACCESS DOOR 

BARF EL F'NLS SPLICES 

FRAME STABlIZERS 

ET ASSY FASTENERS 


34 
54 
1415 
4758 
33 0 
3077 
1 1 S3 

**- ** Cd**i 


3 3 6 7 
5301 
1587 
0 


17151 


1 1 4 04 


0 
f c 

1 1 9 
S 5 ? 
SOI 


84 



42073 


LH£ TANK 

fwb dome 

XT 1 1 £9 . 9 FRAME 
BARREL MO. 4 
>: T 1377 FRAME 
BARREL HD. 3 
XT 1624 FRAME 

barrel m.a 

XT 187 1 FRAME 
BARREL NO.l 
XT £053 FRAME 
AFT DOME 

THERMAL PROTECT I DM 
LQX TANK 
INTERTfiNK 
LH£ TANK 

prop «:mech+elec.j 

PROPULSION AND MECHANICAL SYSTEMS 
LOX FEED SYS 
LOX ANT I EE YEP SYS 
LOX VENT SYS 
LDX PRESS. SYS 
LH£ FEED SYS 
LH£ PEC IP. SYS 
LH2 VENT SYS 
LH£ PRESS . SYS 
HELIUM INJ. SYS 
INTEF'TANK PUREE SYS 
HAZARD GAS DETECTION SYS 
^AIRINGS AND CONDUIT 
LINE SUPTS. AND ATTACKS . 
ELECTRICAL SYSTEM 
ET HIRING ASSY 
SRB WIPING ASSY 
INSTRUMENTATION 

CABLING ATTACKS. +SENSOP SUPTS. 
□RBxSRB ATTACHMENTS 
ORB I TER SUPPORTS 
UMBILICAL BEAM 
ORB'-ET ATTACH FTGS 
SRB- y ET ATTACH FTGS 
ET-ORB UMBILICAL HDWR 
M ANUF ACTUR I NG V AP I AT I ON WT . 

EMPTY WEIGHT 
UNUSABLE FLUIDS 
LH£ IN TANK 
LH£ IN LINE 
LDX IN LINE 

PRE-PRESS , + INR.IGHT GASES 
6H£ 

SOX 

HELIUM 

SEPARATION HARDWARE 
SRB SUPPORTS 
ORB FITTINGS 
FLT PERF RES- 
ET INEPT i, it 
MAIN PROPELLANTS 
LOX 
LH£ 

ET LIFT-OFF WEIGHT 

MASS FRACTION (BASED ON INERT WEIGHT 


2006 
IPSO 
6 c S£ 
69 1 
6919 

H, 9 j, 

69 £3 
3166 
7322 
4145 
£347 

1743 

1315 

4253 

•i 1 3 ^ 

£031 

191 

107 

231 

531 

1 6 £ 
171 
£6 
1 01 
1 0 
4£ c ‘ 


1 93 
O 
13 


t ? j 


'9' 

£95 

0 


3153. 


4750. 


£94 . 


5651 . 


534. 
9201 
51 


59 
1 66' 

12 OS 
3400 

- "I y 
0 


1543 76 7 
257294 


4647 


6754 . 
1 03 93c . 
IS 01 061 . 


1 9 049 9 3 . 
.94544 


35 


Ij.l fu 



93476 


LIQUID POCKET BOOSTER WEIGHT STATEMENT : 
BODY STRUCTURE 

INTEGRAL LOX TANK 
INTEGRAL FUEL TANK 
INTERSTAGE 
AFT SKIRT 
THRUST STRUCTURE 
AERODYNAMIC SURFACES 

STABILIZERS 'DRAG FLAPS) 

THERMAL PROTECTION SYSTEM 
TANK INSULATION 
ABLATIVE MATERIAL 

POWER SUPPLY ■ CONVERS ION.' D I STP I BUT I ON 
ELECTRICAL SYSTEM 
CONTROL SYSTEM 
INSTRUMENTATION SYSTEM 
INSTRUMENTATION 
PROPULSION 

ENGINES -:DRY> 

ACCESSORIES 
G I MEAL SYSTEM 
BASE HEAT SHIELD 
FUEL SYSTEM 
OXIDIZER SYSTEM 

SEPARATION AND RECOVERS SYSTEM 
SEPARATION SYSTEM 
CHUTE SYS (MAIN AND DROGUE- 
FLOTATION SYSTEM 
RECOVERY AIDS 
FITTINGS AND SUPPORTS 
RETRO SYS <100 Fr? DEL V) 

REENTRY HEAT SHIELD 
STAGE DRY WEIGHT 
CONTINGENCY 
EMPTY WEIGHT 
PROPELLANT RESIDUALS 
FUEL BIAS 

TRAPPED LOX TANK GASES 
TRAPPED FUEL TANK GASES 
FROST TRAPPED 
TRAPPED FUEL 
TRAPPED LOX 
IN-FLIGHT LOSSES 
FUEL LOSSES 
LOX LOSSES 
LRB INERT WT 
MAIN PROPELLANTS 
FUEL 
LOX 
BLOW 

MASS FRACTION (BASED ON INERT WT> 


198 IS 
1 EE 0 3 
358 3 
1 6 1 59 
36718 

6 9 1 6 

941 

1195 

655 

110 

1 5E0 

4 1 9 8 8 
3 06 
3384 
4356 

A c. *ti y 

3715 

£488 
5 096 
9E 
91 
175 


69 1 6 . 
El 36. 

766 . 

1 5£ 0 . 
665 1 7 . 


1 56 44 . 


4376 


1 8 0 0 
3709 
E994 
401 
1 1273 
1 73 1 6 

1 3 1 3 
£135 


K £ A, t* 4 
1 t lj 


186975 .. 

0 . 

1 86975 . 
37 4 ' i=! . 


3948 


! ■ - ! x j • 


:51 


1561666 . 
. 3 1 08 3 


□REITER WT 
ET WEIGHT 
LRB WEIGHT 
GLOW 

STG 1 LAMBDA 
S'TG 2 LAMBDA 


337814.0 
1 9 049 93 . 4 
256 1 666 .3 
4604473 . 7 
. 92500 
■ ? cl y A, 


86 



CONVERGENCE DATA : 

GLOW 

TARGET PAYLOAD 
ACTUAL PAYLOAD 
TOTRL V1DERL 

STAGE 1 VI DEAL 
STAGE 2 V IDEAL 
TOTRL PROPELLANT 
LPB PROPELLANT 
ET PROPELLANT 
STAGE JETTISON WEIGHTS 
STAGE l JETTISON MT 
STAGE 2 JETTISON NT 


4804474. 

150000 . 

300*5.0 

4 IS 4 OSS . 


150224. 
833? . 1 





£28415. 
1 033 3 S . 


STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 
LIFT-OFF T- W 
MAXIMUM O 
TIME AT MAX’ <? 
STG 1 MAX LF 
TIME AT MAX LF 
EFF WBOT-LPB 
EFF MOOT '-'EVENT 1 


34* .33 
1 .350 
648 .5 

"? -i Q 

‘ C nO 

3.00 
134. 0 
16274.6 
1 8650 .8 


STAGING CONDITIONS: 

WEIGHT 1387214. 
PEL VELOCITY CFPS.'> 5848.6 
PEL F.P. ANGLE CDE6:< 23.70 
ALTITUDE FT> 171048. 
TIME ■ SEC > 143.37 
ATT AFTER STG C DEG } .87 






MISSION 


MMfiPV* DECEMBER 6 - 1375 


PARAMETER 


TIME CSEC; 

ALTITUDE C K FT ■> 

REL VELOCITY a 00 FPS> 
PEL GAMMA CD EG. 1 
WEIGHT CK LBS!* 

WEIGHT DROP CK LBS > 
THROW WEIGHT CK LBS > 
CUM VI DEAL Cl 00 FPS> 
DOWMPANGE CNMI > 


VENT 1 EVENT 2 EVENT 3 


143.4 

244 . 1 

558.7 

171 .0 

348 . 6 

384 . 3 

58 . 5 

81 .4 

243 . 0 

23.7 

3 . 28 

• 5 c! y 

4804 .5 

1753.3 

1413.6 

227 . 4 

0 

1 03 . 3 

1 758 , S 

1418 .6 

J-j'8 . 04 

88.37 

128.3 

300.7 

39. 1 

163.3 

993.0 


EVENT 4 


552.5 

0 

1.988 

- 89.8 

228.4 

0 

0 

0 

223.0 


* 

EVENT 1 BECO." SEPARATION 

EVENT 2 PTLS-AOA CONSTRAINT 


EVENT 3 MECC' INJECTION 
EVENT 4 uRE TOUCHDOWN 
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EDIN05CMB DESIGN 
SIMULATION RESULTS 



FORECASTER: ED IN DE I T Gh CENTER DATE: 
AFFILIATION : ENGINEERING ANALYSIS DIVI I ION JSC TIME: 
STUDY MQ: ED IN C5 04 


•j DEC 75 
1 6 : 06 


CONCEPT: A 33.0 FT. DIAMETER RECOVERABLE S T AGE USING ?.DDO F-l 

ENGINES MOUNTED BEHIND THE SHUTTLE ET POP REPLACEMENT 
OF THE SOLID POCKET BOOSTERS . 


MISSION: MAXIMUM PAYLOAD 

DUE EAST LAUNCH FROM ETP 

A £30 FPS OMS DELTA VEL IN EXCESS OF A 5 OX 100 NAUTICAL 
MILE REFERENCE OPE IT. 

A 100 FPS PCS TRANSLATION DELTA VEL. 


■ 

TRAJECTORY: DUAL CONSTRAINT OPTIMISED EXO-ATMQ'SPHEP I C PITCH 

PROFILE AND INITIAL TILT PATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 PTLS - AO A 
END POINT CONSTRAINT = SHUTTLE MISSION I MECO 
ATMOSPHERIC INFLIGHT CONSTRAINT: CONTROLLED BY ONE PI 
ENGINE SHUTDOWN AND -OP SSME THROTTLING. 

MAX* DYNAMIC PRESSURE * £50.0 P SF 
MAX ACCELERATION = 3.0 G 


i 

PROPULSION: LRB : 3.000 F-l 

THRUST OSL> 
THRUST'- VAC) 

isp-sl:- 
i sp i' vac:.' 
FLOWRATE 
EXIT AREA 
MIX PATIO 
□RBITEP: THREE 
THRUST NIL;' 
THRUST'-: VAC > 
THROTTLE 
ISP-SL' 

IS Pc VAC') 
FLOWRATE 
EXIT APEA 
MIX RATIO 


ENGINES RATED AS FOLLOWS : 

= 1 £06738 .5 LBS 
= 1743060.0 LBS 

- 366.01 SEC. 

■= £89.40 SEC. 

= 6040.3 LB- SEC 

— 66 .768 . 0 FT 

i ^ 

SSME ENGINES RATED AS FOLLOWS: 
= 375000.00 LBS 
= 470000.00 LBS 
= 1.09 TO .500 
= 363. £0 SEC 
= 455.20 SEC 
= 1032.5 LE-SEC 
= 4*. 396 SC FT 
= 6 , 00:1 


• 

AERODYNAMICS: DATA FOP LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA POP SP& DELETION. 

REF APEA = 2557.0 SC FT 


STRUCTURE: ORB I TER AND EXTERNAL TANK .STRUCTURAL WEIGHT MODIFICATION S 

ARE INCLUDED FOP DELETION OF THE SFB -ET ATTACHMENTS *ND 
INCREASED UP PAYLOADS. 


* 

MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERTIES : ASSUMPTIONS . 

LRB: MERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 

STATEMENT . 

□REITER: FEB 1975 SHUTTLE WITH MODS POP 
INCREASED UP PAYLOAD. 



EDIN0504B DESIGN SIMULATION RESULTS 





WEIGHTS runriftPY REPORT 


glow 

ET LIFT-OFF WEIGHT 

ET INERT WEIGHT 
ET PROPELLANT 

LRB LIFT-OFF WEIGHT 

L.PB INERT WEIGHT 
LRB PROFF.LLHH1 

ORBITER LIFT-OFF WEIGHT 

OP LI TER INERT WEIGHT 
PAYLOAD 


439841 0 . 00 
1 9 0499 3 - 30 


10 59 31 .?7 
1301 061 .36 


848766 5 . 00 


iZ"4 ■ > ;’9 . I 
8 179 3 83. 00 


863734 - 0 0 


l:-_:7834 . I'm 
783 ii ij . On 0 


♦ 




♦ 

□PBITEP WEIGHT ITRTEMEHT FOP MI I : ION li 


Mine GROUP 

15*84. 

TAIL GROUP 

w 6 a • 

BODY GROUP 

4 35? 1 . 

IUDUCED SNVIPN PROTECT 

1 987 4 , 

LAND IMG AUV SYSTEMS 

7 68 3 - 

PROPULSION-ASCENT 

23054 . 

PROPUL S I ON-RC: 

2*57 . 

PPQF’UL S ION-OMS 

cl ? 0 d. • 

PRIME POWER 

8*8? - 

EL EC TP I C AL CON VEP CION 

h f<K lj , 

HYBF. LIC CONVERSION 

1840 - 

surface control: 

-I - ", 

1 1 ;! r+ . 

AVIONICS 

577': .. 

ENVIRONMENTAL CONTROL 

5 Ob 0 < 

PERSONNEL PROVISION 

1100 . 

PAYLOAD PROVISIONS 

535 . 

MARGIN 

i sir. 

WT PENALTY FOP 10 OR PAYLD 

390 . 

OPBITEP EMPTY WEIGHT 


PERSONNEL 

2*44 . 

RESIDUALS 

1470. 

RESERVE FLUIDS 

IS 40 . 

INFLIGHT LOSSES 

2171. 

ASCENT PROPULSION 

5 024. 

PROPELLANT-PCS 

6541 . 

PPOPELLANT-OMS 

1 i 1 4 A . 

OPBITEP INEPT WEIGHT 


PAYLOAD 


□PBITEP PPELAUNCH WEIGHT 



TEPNAL TANK WEIGHT STATEMENT: 
LOX TANK 


BHD 

84 

FWB FRAME 

54 

FWD OGIVE 

1415 

AFT OGIVE 

4758 

■■T 745 FRAME 

8 30 

BARREL 

3077 

INTER T ANK FRAME 

1 1 S3 

AFT DOME 

36 5? 

SLOSH BAFFLES 

8851 

IN TER TANK 


MACHINED BARREL PNLS 

5 86 7 

SK-'STGP BARREL PNLS 

58 0 1 

STABILIZING FRAMES <4 > 

1587 

SRE THPST XT 985 FRAME 

0 

SRE T HPST BEAM 

o 

SRB THPST F I TT I NGS • £ > 

lj 

ACCESS DOOF 

7 d 

BARREL F'NLS SPLICES <3> 

1 18 

FRAME STABLIZEPS: 

857 

ET ASSY FASTENERS. 

8 0 1 



LHE TANK 
FMD DOME 
XT 1129.9 FRAME 
BARREL NO. 4 
XT 1377 FRAME 
BARREL NO . 3 
XT 1324 FRAME 
BARREL HO .2 
XT 1S7 1 FRAME 
BARREL NO .1 
XT 5033 FRAME 
AFT DOME 

THERMAL PROTECT I OH 
LQX TANK 
INTER TANK 
LHE TANK 
PROP '!MECH+ELEC > 

PROPULSION AMD MECHANICAL SYSTEMS 
LQX FEED SYS 
LQX PUT I SEVER SYS 
-LQX VENT SYS 
LQX PRESS . SYS 
LHE FEED SYS 
LHE PEC IP. SYS 
uHE VENT SYS 
LHE PRESS. SYS 
HELIUM IHJ. SYS 
INTER TANK PIJRGE SYS 
HAZARD GAS DETECTION SYS 
FAIRINGS AND CONDUIT 
LINE SUPTS . AND ATTACHE . 

ELECTRICAL SYSTEM 
ET WIRING ASSY 
SRB WIRING ASSY 
INSTRUMENTATION 

CABLING ATTHCHS .+ SENSOR SUPTS. 

ORB-'SRB ATTACHMENTS 
ORB I TER SUPPORTS 
UMBILICAL BEAM 
ORB'ET ATTACH FTGS 
SRB--E T ATTACH FTGS 
ET-DRB UMBILICAL HBWR 

MANUFACTURING VARIATION WT . 

EMPTY WEIGHT 

UNUSABLE FLUIDS 
LHE IN TANK 
LHE IN LINE 
LOX IN LINE 

PRE-PRESS .+ INFLIGHT GASES 
GHE 
GOX 

HELIUM 

SEPARATION HARDWARE 
SRB SUPPORTS 
ORB FITTINGS 

FLT PERF RES 

ET INERT WT 

MAIN PROPELLANTS 
LOX 
LHE 

ET LIFT-OFF WEIGHT • 

MASS FRACTION i. BASED ON INEPT WEIGHT 


5003 

1930 

3 GEE 
391 
3919 
391 
3923 
E 1 33 
7 j-'c'i - 
4145 
£347 


1 1 4 >;i 
1315 



5031 

191 

107 

£31 

531 


4E0 


I J • 


3 1 ' 


4750. 


135 
171 
26 
101 
1 0 
4E9 
37E 

1 93 
0 

18 


795 

£95 

0 

333 


2*4. 




1 . 



513. 


133 . 

1203 . 
34 00 , 


434 


0 . 


1543767 

557594 


1 0 3*32 . 
i 3 0 1 06 1 . 


1904993 , 
.94544 



LIQUID ROCHET EOOSTER WEIGHT STATEMENT: 


BODY STRUCTURE 


8 S' 4 76 . 

INTEGRAL LOX TANK 

1 88 1 a . 


INTEGRAL FUEL TANK 

t SB os . 


INTERSTAGE 

3583 . 


RFT SKIRT 

1 6 1 58 . 


THRU S3 :tro cture 

36 7X3 . 


AERODYNAMIC SURFACES 


6- 816 . 

STABILISERS < DP AS FLAPS > 

A 8 1 6 . 


THERMAL PROTECT I DM SYSTEM 


8 1 36 . 

TANK INSULATION 

?4 1 . 


ABLATIVE MATERIAL 

1185. 


POWER SUPPLY "CONVERS ION DISTRIBUTION 


”66 . 

ELECTRICAL SYSTEM 

655. 


CONTROL SYSTEM 

110. 


INSTRUMENTATION SYSTEM 


1530. 

INSTRUMENTATION 

1 58 0 . 


PROPULS I ON 


R 7631 . 

ENGINES ( BRV> 

57114. 


ACCESSORIES 

416. 


G I MEAL SYSTEM 

jc.3 5' . 


BASE HEAT SHIELD 

4356 . 


FUEL SYSTEM 

t; 'p 


OXIBIOER SYSTEM 

1 c,' U i J » 


SEPARATION AND RECOVER'-* SYSTEM 


15644 . 

SEPARATION SYSTEM 

c 4 ■ 


CHUTE SYS 'MAIN AND DROGUE 1 

5-086 , 


FLOATATION SYSTEM 

A 5 . 


RECOVERY AIDS 

8 1 . 


FITTINGS AND SUPPORTS 

175. 


RETRO SYS Cl 00 F--S DEL V> 

6385 . 


REENTRY HEAT SHIELD 

4876 . 


STAGE DRV HEIGHT 


8 08 06 8 . 

CONTINGENCY 


0 - 

EMPTY HEIGHT 


2 OS 05? . 

PROPELLANT RESIDUALS 


3 5 <3 9 9 « 

FUEL BIAS 

1 8 0 0 . 


TRAPPED LUX TANK GASES 

37 08 . 


TRAPPED FUEL TANK GASES 

8884 . 


FROST TRAPPED 

401 . 


TRAPPED FUEL 

11273. 


TRAPPED LOX 

1 57 £ 3 . 


IN-FL IGH T LOSSES 


7- -’tr 
- i JC. ■ 

FUEL LOSSES 

1313 . 


LOX LOSSES 

1838 . 


LRB INERT WT 


4 . " i 4 0 • 

MAIN PROPELLANTS 


cl 1 7 9 ? £ 3 . 

FUEL 

6666*^ 3 , 


LOX 

1513830 . 


BLOW 


£4 £76 6 z - 

MASS FRACTION 'BASED ON INEPT WT > 


, 895 0 


ORB ITER WT 

865754 . 0 

ET HEIGHT 

1 804883 .4 

LRB WEIGHT 

8427663 . 0 

GLOW 

4583410.4 

STG 1 LAMBDA 

.31153 

S'TG £ LAMBDA 

.83817 


97 



CONVERGENCE DATA : 

GLOW 

AC T UAL PAYLOAD 
TOTAL V IDEAL 

STAGE 1 V I BEAL 
I T AGE £ VI DEAL 
TOTAL PROPELLANT 

lpb propellant 

ET PROPELLANT 

stage JETT I 'OH weight: 
STAGE 1 JETT I : ON WT 
STAGE £ JETTISON MT 


45984 1 0 . 

3 O r* 5 6 ,7 

398 0946 . 


77 A l .* 

£3 165.1 

£1 -99£l . 
1301035. 

£4774111 . 
1 0 3 9 3c . 


STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 393.93 
LIFT-OFF T-W 1.308 
MAXIMUM Q 649.6 
TIME AT MAX Q 71.0 
STG 1 MAX LF 3 . 0 0 
TIME AT MAX LF 114.0 
EFF UBOT- LPB IS 12 0.9 
EFF lilDOT.-EVENT 1 31319.5 


STAGING CONDITIONS : 

WEIGHT 3045720. 
PEL VELOCITY <FPS> 4250.7 
PEL F.F. ANGLE CBEG> £3.15 
ALTITUDE i.FT'i 113461 . 
TIME C S EC > 120.30 
ATT AFTER STG CD EG'' .94 


■ 

MISSION SUMMARY: DECEMBER 3 * 1975 




PARAMETER 


TIME US ECU 
ALTITUDE <K FT> 

PEL VELOCITY Cl 00 FPS 
PEL GAMMA C DEG j 
WEIGHT CK LBS J 
WEIGHT DROP CK LBS> 
THROW WEIGHT CK LBS > 
CUM VI DEAL Cl 00 PPSU 
DOWNPANGE CNMIU 


EVENT 1 

EVENT £ 

120.3 

3 09 . 6 

113.5 

349 . 0 

42.5 

31 .4 

£8 . 1 

S . £9 

4593.4 

1 798 . 0 

44 1 * t ‘ 

0 

1 798 . 0 

1 1 58 . 7 

i c' .9 c! 

142.3 

20.87 

225.8 


EVENT .3 EVENT 4 


563.4 451.2 

396 . 4 0 

- 243.1 2.0 72 

.552 - 89.8 

1153.7 247.7 

1 03 . 9 0 

£ 65.73 0 

3 0 '? - 6 0 

918.5 223.0 


EVENT 1 BECO- SEPARATION 

EVENT 2 RTLS-AOR CONSTRAINT 


EVENT 3 MEC O' INJECTION 
EVENT 4 LRB TOUCHDOWN 






38 

























EDIN0504C DESIGN 
SIMULATION RESULTS 
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FORECASTER: EDIN DESIGN CENTER DATE: 9 DEC 75 

AFFILIATION : ENGINEERIN'? ANAL, 'CIS DI VTS ION JSC TINE : 13:30 

STUDY NO: ED IN 05 04 


A 33.0 FT. DIAMETER RECOVERABLE STAGE USING 7.71 HIGH 
PRESSURE ENGINES MOUNTED BEHIND THE SHUTTLE ET FOR 
REPLACEMENT OF THE SOLID ROCKET BOOSTERS. 

150000.0 LB payload 

DUE EAST LAUNCH FROM ETR 

A 250 FPS OMS DELTA VEL IN EXCESS OF A 5 ON 100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS PCS TRANSLATION DELTA VEL. 

TRAJECTORY: DUAL CONSTRAINT OPTIMIZED E‘ 'O-ATMDSPHER IC PITCH 

PROFILE AND INITIAL TILT RATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 RTLSAOA 
END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 
ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY HIGH 
PRESSURE ENGINE THROTTLING AND- OP SSME THROTTLING . 

MAX DYNAMIC PRESSURE = 650 . 0 P SF 
MAM ACCELERATION = 3.0 6 


CONCEPT : 
MISSION: 


PROPULSION: 


LRB : 7.71 HIGH 
THRUST'-: SL> 
THRUST-. <.'AC ' 
THROTTLE 
I SP < SL ' 

I SR ''VAC 
FLOWRATE 
EXIT AREA 
MIX RATIO 
ORB I TER: THREE 
THRUST c.SL > 
THRUST <. VAC > 
THROTTLE 

rspcsL' 

I SP*:' VAO 
flowrate 

EXIT AREA 
MIX RATIO 


PRESSURE ENGINES RATED AS FOLLOWS: 
= 800000.0'.' LBS 
= 3 EG £9 3. 00 uBS 
= 1.00 TO .500 
= 321.00 SEC. 

— 347 . G 0 S EC ■ 

= 2492.2 LB 'SEC 
= 32.000 SO FT 
= 2.50:1 

SSME ENGINES RATED AS FOLLOWS : 

= 375000.00 LBS 
= 470000.00 LBS 
= 1.09 TO .500 
= 363.20 SEC 
= 455.20 SEC 

— 1 0-32 .~i LB ■' SEC 
= 44 .896 SO FT 
= 6 . 0 0 : 1 


AERODYNAMICS: DATA POP LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATED. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR. £ R B DELETION. 

REF AREA = 2557.0 SQ ~T 


♦T B+DEMAND SUPPORT ENDS IN 25 MINUTES ♦♦♦♦♦♦♦♦♦ 


STRUCTURE : 


MASS 

PROPERTIES: 


ORB I TER AND EXTERNAL TANK STRUCTURAL HEIGHT MODIFICATION 
APE INCLUDED FOR DELETION OF T HE SRB.-ET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 

MASS PROPERTIES APE BASED ON THE FOLLOWING BASIC 
ASSUMPTIONS . 

LRB: HERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

ORBITER: FEB 1975 SHUTTLE WITH MODS FDR 
INCREASED UP PAYLOAD. 


l n a 
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EDIN0504C DESIGN SIMULATION RESULTS 



► ♦♦♦♦•I 




WEI6HT3 iUHMfiPV REPORT 


GLOW 


4 j'^oy tj * 5c* 


ET LIFT-OFF HEIGHT 

ET INERT WEIGHT 
ET PROPEL LRNT 

* 

LRB LIFT-OFF WEIGHT 

LRB INERT WEIGHT 
LRf: PROPELLfiNT 

□PBITER LIFT-OFF WEIGHT 


1 351372.42 

751 t-U . 791 
127*212.00 

2S 9771 F. .25 

c 64 lot-4 . Li 

3 3 rS 1 4 . mi 


Oftl-l 1 ER INERT WEIGHT 
p R>*LOhD 


187314 - 00 
15 fin 00 - 00 




v ♦ 





QPBITEP WEIGHT STATEMENT POP MISSION 1: 
i.HHG GFDUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENVIPN PROTECT 

landing v aux system: 

PPQPIJL . I ON- AS C ENT 

ppopuls ion-fc : 

PROPULS ION-OMS 
PRIME POWER 
ELECTR I CAL C ONVEF’ S I ON 
HYDRAULIC CONVERSION 
SURFACE CONTROLS 

A'/ ionic: 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FOP 15 OK PRVLD 
ORB I TER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROFELLANT-RCS 
PROPELLANT-OMS 
ORB I TER INERT WEIGHT 
PAYLOAD 

ORB I TER P RELAUNCH WEIGHT 


15**4 
28*2 
4 3£'?J 
1 8874 
7**? 
S’ S' 054 
2*57 
S"?0£ 
232? 

* ? if, 0 

1340 
273? 
5778 
503 0 
1 1 0 0 
585 
1 Sc' - ’ 
85 0 

3*44 
147 0 
134 0 
£171 
5 054 
*£41 
1*14? 


1 

1 JLLi I >4 * 


137314. 
1 5 0 0 0 0 . 
337814. 


EXTERNAL TANK WEIGHT STATEMENT: 
LOX TANK 
BHD 

FWD FRAME 
FWD OGIVE 
AFT OGIVE 
XT 745 FRAME 
BARREL 

INTERTANK FRAME 
AFT DOME 
SLOSH BAFFLES 
INTER TANK 

MACHINED BARREL PNLS 
SK-- STGP BARREL PNLS 
S TAB I L I Z I NG FRAMES < 4 > 

SRB THF'ST XT ?85 FRAME 
S’RB THF’ST BEAM 
SRB THF’ST FITTINGS ' £> 
ACCESS DOOR 

BARREL PNLS SPLICES r8? 
FRAME STABLIZERS 
ET ASSY FASTENERS 


15153 


i 0 0 3 
3 372 
534 
2130 

£53 3 
137? 

38 03 

411 1 
1125 
0 
0 
o 

51 

84 

182 

142 




1G6 



LHS TANK 


£9314 

■ JU DOME 

1 4i^c, ■ 


.r 1139.9 FRAME 

1403. 


BARREL HO. 4 

4877. 


XT 1377 FRAME 

439 . 


BARREL NO. 3 

4903 . 


XT 1*354 FRAME 

4 C ‘ '? • 


BARREL HO. 5 

4905. 


XT 1371 FRAME 

1537. 


BAPREL HO.l 

5133. 


XT £05© FRAME 

£937. 


AFT DOME 

1663. 


THERMAL PROTECTION 


.'lit 

LOX TANK 

1339. 


INTERTANK 

1333 . 


LH£ TANK 

3017. 


PROP 'MECH+ELEC* 

£35 . 


PROPULSION AND MECHANICAL SYSTEMS 


2' 3 6 6 

LOX FEED CVS 

1439. 


LOX ANT I SEVER SYS 

135. 


LOX WENT SYS 

76. 


LOX PRESS . SYS 

164 . 


LHS FEED SYS 

4 1£ . 


LHS RECIR. SYS 

L— 1 4 


LHS VENT SYS 

115. 


LHS PRESS. SYS 

131 . 


HELIUM INJ. SYS 

1 ? 4 


INTERTANK PURGE SYS 

71 . 


HAZARD GAS DETECTION SYS 

7 t 


FAIRINGS AND CONDUIT 

3 04 , 


LINE SUPTS. AND ATTACHS . 

* 


ELECTRICAL SYSTEM 


3 03 

ET HIRING ASSY 

141 . 


SRB WIRING ASSY 

0 . 


INSTRUMENTATION 

1 3. 


CABLING ATTACHS. +SENSOR SUPTS. 

55. 


ORB '' SRB ATTACHMENTS' 


4004 

ORB I TER SUPPORTS 

3743. 


UMBILICAL BEAM 

56 3 . 


ORB'-ET ATTACH FTGS 

3 09 . 


SRB'-ET ATTACH FTGS 

n . 


ET-DPE UMBILICAL HBWP 

434 . 


MANUFACTURING VARIATION WT . 


373 

EMPTY WEIGHT 


65199 

UNUSABLE FLUIDS 


364 

LH£ IN TANK 

£04 . 


LH£ IN LINE 

43. 


LOX IN LINE 

117. 


PRE-PRESS ,+INFLIGHT GASES 


339 3 

SHE 

356 . 


GDX 

34 09 . 


HELIUM 

c* © 

1 — • © * 


SEPARATION HARDWARE 


4 

SRB SUPPORTS 

0 . 


ORB FITTINGS 

4. 


FLT PEPF RES 


6 3 0 1 

ET INERT WT 


75161 

MAIN PROPELLANTS 


1376313 

LOX 

1 IJ ? . 


LH£ 

1 333 J 6 . 


ET LIFT-OFF WEIGHT 


1351373 

MASS FRACTION i! BASED ON INERT WEIGHT 


. 9443-' 
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LIC'UID POCKET BOOSTER WEIGHT STATEMENT ! 


BODY STRUCTURE 


1 0382 \ 

INTEGRAL LOM TANK 

ic!4 :• # 


INTEGRAL FUEL TANK 

13313. 


INTER IT AGE 

8583 • 


AFT SHIRT 

1815*3. 


THRU IT STRUCTURE 

433 33 . 


AERODYNAM I C SURFACE I 


8*318 

STABILIZERS 'BRAG FLAP! 1 

*3 ? 1 6 9 


THERMAL PROTECTION SYSTEM 


iZ’c'izd 

TANK INSULATION 

'341 . 


ABLATIVE MATERIAL 

1281 . 


POWER SUPPLY COMVEPI ION " DMTP I BUT ION 


82 0 

ELECTRICAL SYSTEM 

702. 


CONTROL SYSTEM 

118. 


INSTRUMENTATION I YMTEM 


1520 

INSTRUMENTATION 

1520. 


PROPULSION 


772 04 

ENGINES ' DRY - 

48*33 1 . 


ACCESSORIES 

357 . 


GIMBAL SYSTEM 

4531 . 


BASE HEAT SHIELD 

4358 . 


FUEL SYSTEM 

7 3 1 £ . 


OXIDIZER SYSTEM 

11883. 


SEPARATION AND RECOVERY SYS i EM 


18887 

SEPARATION SYSTEM 

£488 - 


CHUTE SYS i' MAIN AND DROGUE ' 

5725. 


FLOTATION SYSTEM 

104. 


RECOVERY AIDS 

1 02 . 


fitting: and surf opts 

1*37. 


RETRO SYS <100 F-S DEL V • 

3174. 


REENTRY HEAT SHIELD 

4378 . 


STAGE DRY WEIGHT 


209170 

CONTINGENCY 


0 

EMPTY WE L GHT 


2 09 1 7 0 

PROPELLANT RESIDUALS 


42212 

FUEL BIAS 

1 3 0 0 . 


TRAPPED LOX TANK GASES 

4 1 99 . 


TRAPPED FUEL TANK GASES 

3288 . 


FROST TRAPPED 

454 . 


TRAPPED FUEL 

12784. 


TRAPPED LOT* 

19808 . 


IN-FLIGHT LOSSES 


4471 

FUEL LOSSES 

2 053. 


LON LOSSES 

2418. 


LRB INERT WT 


-■ ere?i~| er 

MAIN PROPELLANTS 


2841984 

FUEL 

754818. 


LOX 

1887048 . 


BLOW 


28977 1 8 

MASS FRACTION < BAS ED OH INEPT I, IT) 


.9117 


QRBITEP III T 
ET WEIGHT 
LRB WEIGHT 
GLOW 

STG 1 LAMBDA 
STG £ LAMBDA 


3378 14.0 
1 331372.? 
289*716 .2 
4588302 .7 
.31171 
. 34433 
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<■4 :■ 6 U 3 
1 5 0 0 Ci ri 


C ON VEPGEUCE : 

GLOW ' 

TARGET PAYlOAD 
AC TIJAL PAYLOAD 
TOTAL VI DEAL. 

: tripe: 1 V IDEAL 
STAGE 5 VI DEAL 
TOTAL PPOPELLAMT 
LPB PROPELLANT 
ET PROPELLANT 
ITAGE JETTISON WEIGHT: 
IT AGE 1 JETT I S ON WT 
STAGE S JETTISON WT 

STAGE 1 SIZING DATA 

* VEPAGE SP. IMP. 

4 f*T-OFF T W 

maximum 0 

■("".if AT MAX 0 

i MAX LF 
7 *, e . A T MAX LF 
: iDOT-LFB 

■ *' ..'DOT. EVENT 1 



S ft 005 .5 
391 7694. 


34 0 . 1 3 
1 .345 
65 0 . 3 
7 '3 . 3 
3 . 00 
1.35.0 
1 9 087 . * 
1 A 08 7 , 'H 


I 50 3 8 : 



.4 
. 1 


5641 : 60 . 


1-75 


4 . 



STAGING CONDITIONS : 

WEIGHT 

PEL VELOCITY • FPS '■ 
PEL F.P. ANGLE /BEG) 
ALTITUDE -:FT> 

time ■ :ec> 

ATT AFTER STG *.BEG) 


1945083 . 
5556 . ? 
54 . 66 
1 53 0 36 . 
1 . 38.40 
.85 






MISSION SUMMARY: DECEMBER *?. 1975 


PARAMETER 


EVENT 1 

EVENT £ 

EVENT 3 EVENT 4 

TIME CSEO 


1 38 . 4 

£50.1 

541.5 522.1 

ALTITUDE •! K FT) 


1 58 . 0 

?43 . 3 

394.4 0 

REL VELOCITY a 00 FP 

’2> 

55 .6 

81 .4 

543.0 2.107 

PEL GftMMfl r '. DEG) 


£4.7 

“l ^1 

O' I C) 1 

.558 -89.8 

WEIGHT t K LBS:- 


4586 . 9 

1 339 • £ 

1315.0 255.9 

WEIGHT DROP OK LBS) 


£55.*? 

o 

75.16 0 

THROW WEIGHT OK LBS ) 


1 6 39 . £ 

1 315.0 

338 .50 0 

CUM VI DEAL <'100 FPS ) 


-93 ■ o.o 

130. 9 

3 0 1 j . 1 « 0 

DOWNRANGE <NMI> 

n 


i 3 4 . 4 8 

167.8 

938.9 192.5 

EVENT 1 E E C O •' SEPARATION 


,/ENT 3 MECO INJECTION 

EVENT 8 P.TL: ADA C 

or-i 

•STRAINT 

E' 

/ENT 4 LPB TOUCHDOWN 






















CINGSQLi LR8 REENTRY STATE DEC 75 





EDIN0504D DESIGN 
SIMULATION RESULTS 
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FORECASTER: ED IN DESIGN CENTER DATE : * dec ?5 

AFFILIATION: ENGINEERING ANAL v 1 1 S DIVISION-- JSC TIME: l 1 ?: a-? 
STUDY NO: ED I NO 5 04 




CONCEPT: A 33.0 p T . DIAMETER RECOVERABLE STAGE USING 4.000 C -1 

ENGINES MOUNTED BEHIND THE SHUTTLE ET FOP REPLACEMENT 
OF THE SOLID ROCKET BOOSTERS. 

M I S"S I ON f MAN I MUM PAYLOAD 

DUE EAST LAUNCH FROM ETP 

A 250 PPt QMS DELTA VEL IN EXCESS- OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS PCS TRANSLATION DELTA VEL. 


TRAJECTORY: DUAL CONSTRAINT OPTIMIZED EXO-RTMOSPHER IC PITCH 

PROFILE AND INITIAL TILT PATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 PTLS-AOA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINT? CONTROLLED BY ONE Fl 
ENGINE SHUTDOWN AND "OP SSME THROTTLING. 

MAX DYNAMIC PPESSUFE = 650.0 PSF 

MAX ACCELERATION = 3.0 G 


PROPULSION: LPB : 4.000 F-l 

THRUST (' SL ■ 
THRUST* VAC-« 
ISP-SL* 

I S P '• VAC > 
FLOWRATE 
t!-iIT AREA 
MIX PATIO 
ORE I TER: THREE 
THRUST < SL > 
THRUST'-: VACS' 
THROTTLE 
ISPr SL> 
ISPCVAO 
FLOWRATE 
EXIT AREA 
MIX PATIO 


ENGINES RATED AS FOLLOWS: 

= 1606788.5 LBS 
= 1748060.0 LBS 
-.866.0 i SEC. 

■1289.40 SEC. 

= £ nu n ,2 LB •■■■ S EC 
= 66 . 763 SC) FT 
“ 5 f 27 ! I 

SSME ENGINES RATED AS FOLLOWS: 
= 375000.00 LBS 
= 470000.00 LBS 
= 1.09 TO .500 
= 363.20 SEC 
- 455.80 SEC 
= 1038.5 LB-SEC 
= 44.896 SC) FT 
= 6 . 0 0 : 1 


AERODYNAMICS: : DATA FDR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SPB DELETION. 

REF AREA = 2557.0 SC) FT 

STRUCTURE: ORB I TER AND EXTERNAL T AN* STRUCTURAL WEIGHT MODIFICATION 

APE INCLUDED FOR DELETION OF THE SRB ET ATTACHMENTS ffil* 
INCREASED UP PAYLOADS. 


MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

PROPERTIES : ASSUMPTI DNS . 

LRB : WERS BASED ON SATURN TECHNOLOGY, 

ET: R I XED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WIT H SHUTTLE ET WEIGHT 
STATEMENT . 

ORBITER: FEE 1975 SHUTTLE WITH MODS c OR 
INCREASED UP PAYLOAD. 
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WEIGHTS' SUMMARY REPORT 


GLOW 

ET LIFT-OFF WEIGHT 

ET INERT WEIGHT 
ET PRQFELLHHT 

LRB LIFT-OFF WEIGHT 

LRE INERT WEIGHT 
LPE PPOPELLhNT 

□REITER LIFT-OFF WEIGHT 

□REITER INEPT WEIGHT 
F'tTf'LDrlD 


4 344460 . 00 
1323613.39 


73 1 6- 0 . r r" i 
1248452.60 


E'9R Oil . r*? 
£ 468255 .91 


E’EOPr.-i . 00 


1W7E54 . 00 
73355 . 000 





ORBITER WEIGHT STATEMENT PDF' MISSION 
•II NG GROUP 
TRIL GROUP 
EDDY GROUP 

INDUCED ENVIRN PROTECT 
LANDING AUX SYSTEMS 
PROPUL ! I DN-fl SCENT 
PROPULSION-PCS 
PROPULS I DN-OMS 
PRIME POWER 
ELECTS ICRL CONVERT ION 
HYDRAULIC CONVERSION 

surface control:. 

AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FOR tOOK F’AV'LD 
ORBITER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT pro: ULSION 
PROPELLANT-PCS 
PPDPELL ANT-OMS 
ORBITER INERT WEIGHT 
PAYLOAD 

□F'BITEF: PRELAUNCH WEIGHT 


15634. 
£1363 • 
4 3.3? 1 . 

7 GPS' . 
£3054. 
£657 . 
£'? 0£ . 

w « 

696 0 . 
IS 4 0 . 
£7 3 1=1 . 

cr-»^ 

t i c » 

5060 . 

1 1 0 0 . 
roe 


c'b44 . 
1470 . 
1340. 
£171 . 
5 0 c! 4 . 
6£4 1 . 
161 43 . 


151' 


£6 0 ‘ 


EXTERNAL TAN! WEIGHT STATEMENT s 

LOX TANK 

BHD 

C WD FRAME 
“I.JD 061 vt 
AFT OGIVE 
XT 745 FRAME 
BARREL 

INTERTAN*. PRAME 
AFT DOME 
SLOSH EAFFLES 
INTERTANK 

MACHINED BARREL PNLS 
.kVSTGF BARREL PNLS 
STABILIZING FRAME S < 4 > 

SRB THF'ST 995 FRAME 
SRB THRST BEAM 
SRB THRST SITTINGS *:’£> 
ACCESS DOOM 

BARREL PH-.S SPLICES ' 8> 
FRAME stablissrs 
ET ASSV FASTENERS 


1 £15 


1 003 
3372 
£34 
£130 
796 
£593 
1379 


411 1 

1125 
0 
o 
0 
51 
y 4 
1 32 
142 


9498 
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lh£ T»=trn 


: ?■■: 1 4 . 

P’nID POME 

1455 . 


' T 1 l£9.5 FRAME 

14Mi. 


BARREL MO. 4 

45 7*. 


'■‘T 1577 FRAME 

45 A. 


BARREL NO. 3 

4 so: . 


::T 1654 FRAME 

45"? . 


BARREL MO.c 

4905 . 


HT 1S71 FRAME 

1537. 


BARREL MO.l 

5155. 


,,’T S03S FRAME 

£5 37 . 


AFT POME 

166 3 . 


THERMAL PROTECTION 


-'III . 

lo:: TANK 

1 £ 39 . 


INTEPTANK 

4 2 - J 

- 


uH£ TANK 

3017. 


PROP ' MECH+ELEC '* 

C m' J • 


RROPUL 1 1 DM AND MECHANICAL SYSTEM.* 


•3 366 . 

LDi; FEED SYS 

1 4 ?9 i 


LOK ANT I SEVER SYS 

1 35. 


LQ'.i WENT CVS 

7 5- . 


LO’ : ! PRESS . SYS 

164 . 


LH£ FEED SYS 

4 1 £ . 


LH£ RECIR. SYS 

—i 1 

C t » 


LH£ VENT SYS 

1 15. 


LH£ PRESS. SYS 

1£1 . 


HELIUM INJ. SYS 

1 9 . 


INTER TANK PURGE SYS 

71 . 


HAZARD GAS DETECTION SYS 

1 « 


FAIRINGS AND CONDUIT 

3 04 . 


LINE SUPTS. AND ATTACH* . 

476 . 


ELECTRICAL SYSTEM 


£ 08 . 

ET HIRING ASSY 

141 . 


SRB MIRING ASSY 

i'i . 


INSTRUMENTATION 

13. 


CABLING ATTACH* .+ SENSOR SUPTS. 

55. 


ORB '• SRB ATTACHMENTS 


4 0 04 . 

□RBI TER SUPPORTS 

c. i 4o * 


UMBILICAL BEAM 

56 : „ 


ORB 'ET ATTACH FTGS 

£ Or . 


3RB-' , ET ATTACH FTGS 

0 . 


ET-ORB UMBILICAL HDMR 

4;?4 . 


MANUF ACTIJR I NG VAR I AT I ON WT . 


■375 . 

EMPTY HEIGHT 


65199 . 

UNUSABLE FLUIDS 


364 . 

LH£ TN TANK 

£04 . 


LH£ IN LINE 

4 £ - 


LOX IN LINE 

117, 


PRE-PRESS . + 1 NFL I GHT G AS E S 


3 £9 3 . 

GH£ 

856 . 


GO': 

£4 09 « 


HELIUM 

C. C' , 


SEPARATION HARDWARE 


H 

* 

SRB SUPPORTS 

0 . 


ORB FITTINGS 

4 . 


F<_T PEPF RES 


6 3 P 1 . 

ET INERT HT 


'5161 . 

MAIN PROPELLANTS 


■ * 6 £ 1 £ . 

lDN 

1 i 1 * 1 !“! ^ ^ 


LH£ 

■ 3£3 J 4 . 


ET LIFT-OFF HEIGHT 


v • S 

MASS FRACTION '-BASED ON INEPT 


t -* «JL *. ,fc' 
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LIOUID POCKET BOO I TER WEIGHT STATEMENT: 
EDDY I TF'UC TUPE 

INTEGRAL LOX TANK 
INTEGRAL FUEL TAN* 


ORIGINAL PAGE IS 
OF POOR QUALITY 


INTERS TAGE 

aft :y ipt 
thpu:t structure 

AEF'ODYNAM I C S iJPF AC E S 
STABILIZERS 'DRAG 
THERMAL PROTECTION • 

tank rrrz ulrtidh 
ABLATIVE MATEF'IAL 

POWER U.IPPL'i • CQNV«'ER: I DM • DISTR I BUT I DM 
ELECTRICAL i Y ITEM 


FLAP'S 

riTEM 


CONTROL ! r STEM 
I NSTPUMENTAT I ON SYSTEM 
I f 1STPUMENTAT I ON 
PROPULSION 

ENGINES * BF V > 

ACCESSORIES 
GIHBAL SYSTEM 
BASE HEAT SHIELD 
FUEL SYSTEM 
OXIDIZER -SYSTEM 

SEPAPATIOM AMD RECOVERY SYSTEM 
SEPRPATIDM SYSTEM 
CHUTE SYS ''MAIM AMD DROGUE 1 
FLOATATION SYSTEM 
PECDVEPY AIDS 
FITTINGS AND SUPPORTS 
RETRO SYS a OH R.-S DEL V - 
REENTRY HEAT SHIELD 
STAGE DRY WEIGHT 
CONTINGENCY 
EMPTY WEIGHT 
PROPELLANT RESIDUALS 
FUEL BIAS 

TRAPPED LOX TANK GASES 
TRAPPED FUEL TANK GASES 
FROST TRAPPED 
TRAPPED FUEL 
TRAPPED LOX 
IN-FLIGHT LOSSES 
FUEL LOSSES 
LOX LOSSES 


LRE INEPT i, IT 
MAIN PROPELLANTS: 
FUEL 


LOX 


BLOW 

MASS FRACTION - EASED ON INERT WT‘> 


1 0 3>'C 1 • 


Ci i ^ ** ** 

1 3# 1 : 
S53 '? 
13153 

*i 3 

69 1 6 

341 

Mil 

r U8 
Hi 

1 5 SO 

76152 

555 

7044 

4356 

11135 

16033 

2428 
5725 
104 
1 02 
1 37 
3174 
4876 


6 3 1 6 . 


22 0 . 

1 52 0 . 
115330. 


j * * .« n 

1 13 1 1 0 i > 


1 3 0 0 
4133 
3333 
454 
12764 
17303 

2 Ci 5 3 
2135 


754813 

1713438 


0 . 

247356 . 
4 04 03 . 


4243 . 


292 0 1 2 . 
8468256 . 


276 0263 . 
. 3342 


ORB I TER WT 
ET WEIGHT 
LRE WEIGHT 
GLOW 

STG 1 LAMBDA 
STG 2 LAMBDA 


26 0579 . 0 
1323613.4 
276 0267 . 7 

4344460. 1 

.33421 
. 344 33 
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CONVERGENCE E*Th : 

S L D W 

AC T UAL F'AYLGAD 
TQTAL VI DEAL 

CTAGE 1 VI DEAL 
-TAKE £ VI DEAL 
TOTAL PPDF'ELLANT 
LPB PROPELLANT 
ET PROPELLANT 
CTAGE JETT IE ON M5IGHTC 
CTAGE 1 JETT I CON MT 
CTAGE £ JETT I ON MT 


4 3444*0 , 
■30 35 * .5 


1*70*. 


7* o ': • 

r . Z “* I 1 Z ** 

i - * I — fc - • i 

£4*S£5* . 
1 £4-3450 . 

£’?£01 £ . 

rsioi . 


CTAGE 1 C IZING DATA 

AVERAGE CP. IMP. 
LIFT-OFF T'Jil 
MAXIMUM 0 . 

TIME AT MAX Q 
CTG 1 MAX LF 
TIME AT MAX LF 
EFF MDOT LF’B 
EFF MDOT EVENT 1 


1 .479 
64G • 1 
45.7 
£ • 7G 
150 . 0 
£••3405 .5 
£0405.5 


STAGING CONDITIONS : 

WEIGHT 137*504. 
PEL VELOCITY •:FPC> 3*55.7 
PEL F.P. ANGLE <DES> 34.44 
ALTITUDE r FT> 13705*. 
TIME C CEO 150.3* 
ATT AFTER CTG f DEG > 1.54 


MISSION SUMMARY 


PARAMETER 

EVENT 1 

EVENT 2 

EVENT 3 

EVENT 4 

EVENT 

TIME (SEC) 

45.75 

121.0 

281. 1 

517.2 

467. 0 

ALTITUDE (K FT) 

20. 5 

137.1 

348.6 

394.6 

0 

REL VELOCITY (100 FPS) 

10.3 

39.6 

81.4 

243.0 

2.25 

REL GAMMA (DEG) 

73 . 8 

34.4 

8. 27 

.528 

-89.8 

WEIGHT (K LBS) 

4344.5 

3239.1 

1584. 2 

1043.3 

292 . 0 

WEIGHT DROP (K LBS) 

0 

292.0 

0 

75.2 

0 

THROW WEIGHT (K LBS) 

3239.1 

1584.2 

1043.3 

260.6 

0 

CUM VIDEAL (100 FPS) 


76. 0 

137.2 

303.3 

0 

DOWNRANGE (NMI ) 

0. 65 

19.98 

186 . 5 

826.7 

110.9 


EVENT 1 ONE F-l ENGINE SHUTDOWN EVENT 3 RTLS/AOA CONSTRAINT 

EVENT 2 B ECO /SEPARATION EVENT 4 MECO/ INJECTION 

EVENT 5 LRB TOUCHDOWN 
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EDIN0504 FLIGHT ATTITUDE DEC 75 
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EDINQ5QI4 H-V PROFILE 16 DEC 75 



EDINQ504 LRB REENTRY STATE DEC 75 
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SIGMA CORPORATION 


EDIN0505 DESIGN 
SIMULATION RESULTS 
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FORECASTER: ED IN DESIGN CENTER DATE: £4 NOV 75 

AFFILIATION: ENGINEERING ANALYSIS DIVISIONS JSC TIME: 09:40 
STUDY NO: ED IN 05 05 


CONCEPT: A 33.0 FT. DIAMETER RECOVERABLE STAGE USING 4.000 F-l 

ENGINES MOUNTED BEHIND THE SHUTTLE ET FOR REPLACEMENT 
OF THE SOLID ROCKET BOOSTERS. 


MISSION: 100000.0 LB PAYLOAD 

DUE EAST LAUNCH FROM ETP 

A £50 FPS QMS DELTA VEL IN EXCESS OF A 50X100 NAUTICAL 
MILE REFERENCE ORBIT. 

A 100 FPS PCS TRANSLATION DELTA VEL. 


TRAJECTORY: DUAL CONSTRAINT OPTIMIZED EXO-ATMDSPHER IC PITCH 

PROFILE AND INITIAL TILT RATE. 

MID POINT CONSTRAINT = SHUTTLE MISSION 1 PTLS/ROA 

END POINT CONSTRAINT = SHUTTLE MISSION 1 MECO 

ATMOSPHERIC INFLIGHT CONSTRAINTS CONTROLLED BY ONE FI 
ENGINE SHUTDOWN AND/OR SSME THROTTLING. 

MAX DYNAMIC PRESSURE = 630.0 PSF 

MAX ACCELERATION = 3.0 G 


PROPULSION: LRB : 4.000 F-l 

THRUST <SL> 
THRUST < VAC > 
ISP<SL> 
ISPCVHO 
FLOWRATE 
EXIT AREA 
MIX PATIO 
□REITER: THREE 
THRUSTS SL ) 
THRUST ( VAC > 
THROTTLE 
ISPCSD 

isp < vac;' 

FLOWRATE 
EXIT AREA 
MIX RATIO 


ENGINES RATED AS FOLLOWS: 

= 16 06786.3 LBS 
= 1743060.0 LBS 
= £66.01 SEC. 

“ £39.40 SEC. 

= 6040.3 LB/ SEC 
= 66.763 SQ FT 

SSME*" ENGINES RATED AS FOLLOWS: 
= 375000.00 LBS 
= 470000.00 LBS 
= 1.09 TO .500 
= 363. £0 SEC 
= 455.30 SEC 
= 1032.5 LB/SEC 
= 44.396 SQ FT 
= 6 . 0 0 : 1 


AERODYNAMICS: DATA FOR LAUNCH PERFORMANCE OPTIMIZATION 

WERE OBTAINED FROM SHUTTLE AERO ESTIMATES. ADJUSTMENTS 
WERE MADE TO THE REFERENCE AREA FOR SPB DELETION. 

REF AREA = 2537.0 SQ FT 

STRUCTURE: ORB ITER AND EXTERNAL TANK STRUCTURAL WEIGHT MODIFICATION 

ARE INCLUDED FOR DELETION OF THE SRE/ET ATTACHMENTS AND 
INCREASED UP PAYLOADS. 


MASS MASS PROPERTIES ARE BASED ON THE FOLLOWING BASIC 

F'ROPERT I ES : ASSUMPT I DNS . 

LRB: WERS BASED ON SATURN TECHNOLOGY. 

ET: FIXED MASS FRACTION DISTRIBUTED IN 
ACCORDANCE WITH SHUTTLE ET WEIGHT 
STATEMENT . 

ORB I TER : FEB 1975 SHUTTLE WITH MODS FOR 
INCREASED UP PAYLOAD. 
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ORB ITER WEIGHT STATEMENT FOP MISSION 1: 
WING GROUP 
TAIL GROUP 
BODY GROUP 

INDUCED ENV1RN PROTECT 
LANDING & AUX SYSTEMS 
PROPULSION-ASCENT 
PROPULS I DN-RCS 
PROPULS I DN-OMS 
PRIME POWER 
ELECTRICAL CONVERSION 
HYDRAULIC CONVERSION 
SURFACE CONTROLS 
AVIONICS 

ENVIRONMENTAL CONTROL 
PERSONNEL PROVISION 
PAYLOAD PROVISIONS 
MARGIN 

WT PENALTY FDR 10 OK PAYLD 
ORB I TER EMPTY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVE FLUIDS 
INFLIGHT LOSSES 
ASCENT PROPULSION 
PROPELLANT-RCS 
PROPELLANT-OMS 
ORB I TER INERT WEIGHT 
PAYLOAD 

□REITER PRELAUNCH WEIGHT 


15684 
£ 86 £ 
43£"? 1 
1 3874 
7683 
£8054 
£657 
£9 02 
£"?£"? 
686 0 
134 0 


506 0 
1 1 0 0 
585 

1 “OT 1 
1 JC ( 

38 0 

£644 
147 0 
1 84 0 
£171 
50£4 
6£4 1 
1 6 1 48 



187254. 
1 00000 . 
l— '->* I L_ I ■ 


EXTERNAL TANK WEIGHT STATEMENT: 

LOX TANK 11887. 


BHD 

58 

FWD FRAME 

37 

FWD OGIVE 

38 £ 

AFT OGIVE 

33 0 1 

XT 745 FRAME 

£28 

BARREL 

£134 

INTERTANK FRAME 

779 

AFT DOME 

£538 

SLOSH BAFFLES 

1 839 

INTERTANK 


MACHINED BARREL F’NLS 

3723 

SK/STGR BARREL F’NLS 

4024 

ST AE I L I Z I NG FRAMES C 4 > 

1101 

SRB THRST XT 385 FRAME 

0 

SRB THRST BEAM 

0 

SRB THRST FITTINGS <£> 

0 

ACCESS DOOR 

5 0 

BARREL PNLS SPLICES <8> 

82 

FRAME STABLIZERS 

178 

ET ASSY FASTENERS 

1 39 
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LHS TANK 


£9187. 

FWB DOME 

1 392 . 


XT It £9.'? FRAME 

1374. 


BARREL MO. 4 

4774. 


XT 1377 FRAME 

479. 


BARREL MO. 3 

4800 . 


XT 1624 FRAME 

479. 


BARREL NO. S 

43 oa . 


XT 1871 FRAME 

15 04. 


BARREL MO.l 

5079. 


XT 2058 FRAME 

£875 . 


AFT DOME 

1688. 


THERMAL PROTECTION 


5655. 

LOX TANK 

1813. 


INTERTANK 

1£59 . 


LH2 TANK 

£954 . 


PROP <MECH+ELEC> 

£30. 


PROPULSION AND MECHANICAL SYSTEMS 


3295 . 

LOX FEED SYS 

1409. 


LOX ANT I SEVER SYS 

1 3£ . 


LOX VENT SYS 

74. 


LOX PRESS. SYS 

160. 


LH£ FEED SYS 

4 03 . 


LHS RECIR. SYS 

26 . 


LH2 VENT SYS 

na. 


LHS PRESS. SYS 

119. 


HELIUM INJ. SYS 

18. 


INTERTANK PURGE SYS 

70. 


HAZARD GAS DETECTION SYS 

( ■ 


FAIRINGS AND CONDUIT 

298 . 


LINE SUPTS. AND ATTACHS . 

466 . 


ELECTRICAL SYSTEM 


£ 04 . 

ET WIRING ASSY 

1 .38 . 


SRB WIRING ASSY 

0. 


INSTRUMENTATION 

13. 


CABLING ATTACH?.. +SENSDR SUPTS. 



ORB/SRE ATTACHMENTS 


398 0 . 

ORE ITER SUPPORTS 

£690 . 


UMBILICAL BEAM 

552 . 


DRB/ET ATTACH FTGS 

2 03 . 


SRB/ET ATTACH FTGS 

0 . 


ET-'ORB UMBILICAL HDWR 

474 * 


MANUFACTURING VARIATION WT. 


370. 

EMPTY WEIGHT 


63827 . 

UNUSABLE FLUIDS 


“I CT £ 

Jt' . 

LH2 IN TANK 

£ 0 0 . 


LH£ IN LINE 

41 . 


LOX IN LINE 

115. 


PRE-PRESS .+INFLIGHT GASES 


3 ££3 m 

GHS 

O 7< O 
QOO • 


GOX 

£358 . 


HELIUM 

£7 . 


SEPARATION HARDWARE 


4. 

SRB SUPPORTS 

0. 


ORB FITTINGS 

4 . 


FLT PERF RES 


5574 . 

ET INERT WT 


72985 . 

MAIN PROPELLANTS 


1249368 . 

LOX 

1 070387 . 


LH2 

178431 . 


ET LIFT-OFF WEIGHT 


1382353. 

MASS FRACTION 


.9490 
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LIQUID POCKET BOOSTER WEIGHT STATEMENT: 


BOB'/ STRUCTURE 


69663 • 

INTEGRAL LOX TANK 

24101 . 


INTEGRAL FUEL TANK 

16337. 


INTERSTAGE 

O cr i“i -S' 
'J.JOvI M 


AFT SKIRT 
THRUST STRUCTURE 

16159. 


4482 . 


AERODYNAMIC SURFACES 


6916. 

STABILIZERS (DRAG FLAPS > 

6316 . 


THERMAL PROTECTION SYSTEM 


2305, 

TANK INSULATION 

94 1 . 


ABLATIVE MATERIAL 

1 364 . 


POWER SUPPLY / C 0 N VERS ION s DISTRIBUTION 


873 . 

ELECTRICAL SYSTEM 

748. 


CONTROL SYSTEM 

126. 


INSTRUMENTATION SYSTEM 


1520. 

INSTRUMENTATION 

1520. 


PROPULSION 


114948. 

ENGINES (DRY) 

76152 . 


ACCESSORIES 

555. 


GIMBAL SYSTEM 

7044. 


BASE HEAT SHIELD 

4356 . 


FUEL SYSTEM 

11185. 


OXIDIZER SYSTEM 

15656 . 


SEPARATION AND RECOVERY SYSTEM 


16847. 

SEPARATION SYSTEM 

2488 . 


CHUTE SYS (MAIN AND DROGUE > 

5836 . 


FLOTATION SYSTEM 

1 06 . 


RECOVERY AIDS 

1 04 . 


FITTINGS AND SUPPORTS 

201. 


RETRO SYS (100 F^S DEL V) 

3236 . 


REENTRY HEAT SHIELD 

4876. 


STAGE DRY WEIGHT 


213072. 

CONTINGENCY 


0. 

EMPTY WEIGHT 


213072. 

PROPELLANT RES I DUALS 


4699 1 . 

FUEL BIAS 

1 8 0 0 . 


TRAPPED LOX TANK GASES 

451 1 . 


TRAPPED FUEL TANK GASES 

4008. 


FROST TRAPPED 

5 05 . 


TRAPPED FUEL 

15103. 


TRAPPED LOX 

8 1 1 J 6 4 . 


IN-FLIGHT LOSSES 


5 Uc! r ' 

FUEL LOSSES 

2429 . 


LOX LOSSES 

•;cq7 
c-_i r f . 


LRB INERT WT 


265 09 0 • 

MAIN PROPELLANTS 


292 0477 . 

FUEL 

893112 . 


LDX 

2027365 . 


BLOW 


3185567 . 

MASS FRACTION (BASED ON INEPT WEIGHT 


.91678 


ORB I TER WT 

287254 . 0 

ET WEIGHT 

1322353.4 

LRB WEIGHT 

3185567.2 

GLOW 

4795174.5 

STG 1 LAMBDA 

.91673 

STG 2 LAMBDA 

. 9448 1 
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t* ' 

CONVERGENCE DR' R : 

GLOW 

4795 174. 


TARGET PAYLOAD 

1 00000 . 


ACTUAL F'AYLDRD 


1 00363 . 

PRY LORD DELTR 


:6 c’ « 7 

TOTAL VI DEAL 

30434 . 1 


STAGE 1 VI DEAL 


8510.5 

STAGE £ VI DEAL 


21923.6 

TOTAL PROPELLANT 

4169554 . 


LRB PROPELLANT 


£918701 . 

ET PROPELLANT 


1250853. 

FIRST STAGE JETTISON WT 


£64929 . 

SECOND STAGE JETTISON WT 


73075. 

STAGE 1 SIZING DATA 

AVERAGE SP. IMP. 

£81 .93 


LIFT-OFF T/W 

1 .340 


MAXIMUM Q 

651 .5 


TIME RT MAX Q 

S£ . 5 


STG 1 MAX LF 

£ • 78 


TIME RT MAX LF 

140 . 0 


STAGING CONDITIONS: 

WEIGHT 

1876473. 


PEL VELOCITY CFPS> 

4577 < cl 


REL F.P. ANGLE <DEG> 

£4 . 39 


ALTITUDE CFT> 

149411 . 


TIME OS EC) 

140.24 


ATT AFTER STG <DEG> 

r*i “t* 
. C» l* 




■ 

WEIGHTS 

* 

SUMMARY REPORT 


GLOW 


4795174.50 

ET LIFT-OFF WEIGHT 


1322353.36 

ET INERT WEIGHT 
ET PROPELLANT 

72985 . 36 
1 £5 0352. 73 


LRB LIFT-OFF WEIGHT 


3185567.19 

LRE INERT WEIGHT 
LRB PROPELLANT 

265090 . 01 
£918700 .84 


ORB I TER LIFT-OFF WEIGHT 


237254.00 

ORB I TER INERT WEIGHT 
PAYLOAD 

m 

m 

187254.00 
1 0 0 0 0 0 . 0 0 
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EDIN0505 H-V PROFILE 24 NOV 75 



MISSION SUMMARY: NOVEMBER 24 » 1975 
PARAMETER EVENT 1 EVENT 



TIME CSEO 

62 . 5 0 

140.2 

’!'■ O “ O 

536 . 0 

490.0 

ALTITUDE CK FT> 

30.75 

149.4 

348 . 6 

394 . 5 

0 

REL VELOCITY Cl 00 FPS) 

1 2 . £ 

45.8 

81 .4 

£43 . 0 

2. 15 

REL GAMMA <DES> 

66 .6 

£4.4 

O 2' T? 
Villi 

CT 

■ » J C 1' 

-89.8 

WEIGHT CK LBS) 

4795 . £ 

3285 . 1 

1611 .5 

1126. 9 

264.9 

WEIGHT DROP CK LBS) 

0 

£64 . 9 

0 

73 . 08 

0 

THROW WEIGHT CK LBS> 

3 £3 >5 . 1 

1611.5 

1126.9 

£87 .62 

0 

CUM VI DEAL Cl 00 FPS) 


85 . 1 0 


304 .3 

0 

DOWNRANGE CNMI) 

1.38 

28.97 

187.7 

865.3 

136.0 


m 

EVENT 1 ONE F-l ENGINE SHUTDOWN EVENT 3 RTLS'"AQA CONSTRAINT 

EVENT £ EECO^ SEPARATION EVENT 4 MECO/'INJECTIDN 

. EVENT 5 LRB TOUCHDOWN 
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EDIN0505 LflUNCH STATE 24 NOV 75 



EDIN0505 FLT CONSTRAINTS NOV 75 
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